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THE ENVIRONMENTS IN TUBERCULOSIS! 
HENRY SEWALL 


It is immediately plain that a certain obscurity overshadows the very 
title of this address. 

I will therefore hasten to define its terms. Open with me that volume 
of the Century Dictionary which deals with the letter Z; turn to the word 
Environment and you will find that in biology it represents ““The sum of 
the agencies and influences which affect an organism from without.” 
There is much besides which usefully extends this definition, but there is 
here enough for our purpose. 

Without being too captious you might very properly ask me to also 
define the term Organism which represents the thing which is affected by 
environment. 

Everyone knows, of course, that he or she as a whole is an organism 
living in an external world of physical agents and forces. But modern 
education has taught us that each has started life as a single cell, almost 
microscopic in size, and that this cell by repeated divisions has multiplied 
itself almost infinitely and thus formed the units, more or less modified, 
which make up our tissues and organs. 

My point is that, when we hunt for the living Thing in us, it can be 
found only in the microscopic cell which is a direct descendant of the 
original ovum. Therefore it is clear that we, that is, our working cells, 
live not in air, as the whole body does, but in a fluid which bathes the 
cell without and penetrates it within. 

It must be plain, then, that when a given patient improves or gets 
worse it is because one or more of the communities of living cells which 
make up his reacting body are recovering health or losing it. 

This essay will have repaid your attention if it induces you to read 
(or read again) that masterly account by Dr. Alexis Carrel of the daily 
life of the animal cell as he has depicted it upon the cinematographic 
screen, and which you will find on page 300 of the journal, Science, is- 
sued March 20, 1931. 


1 Read before the Nebraska Tuberculosis Association, Kearney, Nebraska, April 30, 1931. 
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HENRY SEWALL 


It may be well if, at the outset, I make an explanation, though not an 
apology, for bringing before you so trite and timeworn a theme. 

As a merchant who would not fall behind in the economic race finds 
it necessary at stated intervals to take stock of the goods upon his shelves, 
or even watch if not anticipate the changes in fashion, so the scientific 
clinician dare not rest at that spot where his college curriculum had left 
him. Each day there confront him new facts, new ideas of which his 
teachers knew nothing. He is now on his own and must properly label 
and pigeonhole this new material or be overwhelmed by it. 

Nothing conduces more to clarity of perception or suggests new mean- 
ings in old phenomena than a formal reclassification of our stock of knowl- 
edge. From this point of view I have been led to consider various 
different factors which are confused together in the term Environment, 
and in the attempt to analyze the concept I have been constrained to 
divide them into five different groups as follows: (1) the External En- 
vironment; (2) the Internal Environment; (3) the Voluntary Neuro- 
muscular Environment; (4) the Vegetative Environment, including the 
Endocrine System; and (5) the Psychic Environment. 


1. THE EXTERNAL ENVIRONMENT 


This includes any agent which operates on the exterior of the body as a 
whole; as, for example, all those measures included under hydrotherapy. 

The food itself forms a most important element in this environment 
because, even after being swallowed, up to the time of its absorption by 
the alimentary canal it is really outside the body. But the environment 
that we all recognize as obviously external is what we know as Climate. 

The limitations of this address forbid anything like a complete discus- 
sion of Climatology even in its medical applications (1). You all know 
that the climatic treatment of certain diseases, pulmonary tuberculosis 
par excellence, has come down to us from earliest traditions. It gradu- 
ally became a universally accepted belief that the disease phthisis or 
consumption tended naturally to progression, was amenable to no treat- 
ment of the pharmacopoeia, but that improvement or recovery might 
occur if the patient removed to some place of known salubrity. 

History offers no more classical example of the conditions which under- 
lie the development of productive knowledge than the story of 
tuberculosis. 

For ages the disease had rarely been recognized before reaching the 
deadly stage of “consumption.” 
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ENVIRONMENTS OF TUBERCULOSIS 3 


Health resorts, to which patients thronged themselves, somehow 
became hot-beds of the disorder. 

It appears that the consideration of tuberculosis as an epidemiological 
problem began with the age of sanatorium treatment. 

The sanatorium is a school where the patient learns the behavior that 
makes for his own improvement, and the doctor learns the conditions 
that tend to exaggerate or retard the disease. The sanatorium became a 
clinical laboratory of therapeutics. If the truth were known, I suspect 
that the primary force in the general lowering of tuberculosis mortality 
has been a more or less unconscious adoption of rules of life there formu- 
lated. 

At the risk of disturbing the orderly arrangement of my subject, it 
seems expedient now to glance for a moment at the historical develop- 
ment of the Sanatorium Idea. 

I will not dwell on its genesis in the institutional cult represented in 
those temples of healing, which flourished in the valley of the Nile 2000 
to 3000 years B.C., whose place in medical history has been so well por- 
trayed by our late colleague, Dr. Walter A. Jayne (2). 

I will venture to give credit to George Bodington, known as an English 
surgeon, for having first, in 1840, put in operation not only the sanatorium 
idea but a radical departure from age-old conceptions of tuberculosis, 
and the introduction of essentially modern methods of treating the 
disease (3). 

Nothing less than a special address could do justice to Bodington’s 
genius of perception into the conditions of the vital conflict in tubercu- 
losis, and the courage of his revolt from traditional methods in its treat- 
ment. He wrote: “One-fifth of the deaths annually in England are 
from consumption, while cures are scarcely ever heard of, and never 
expected.” He renounced completely the established methods of con- 
fining consumptive patients in tightly closed rooms, and their treatment 
by tartar emetic and other socalled ‘“antiphlogistic’ measures of 
depletion. His notions as to diet and feeding are essentally those of 
to-day. Bodington billeted his patients in a suitable house, near his 
residence, its situation chosen for the “dryness, mildness and purity of 
the air,” where they might be under daily, even hourly, supervision. 
He was the prophet of open-air treatment. Of the disease he says: 


To live in and breathe freely the open air, without being deterred by the wind 
and weather, is one important and essential remedy in arresting its progress— 
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4 HENRY SEWALL 


one about which there appears to have generally prevailed a groundless alarm 
lest the consumptive patient should take cold; . . . . the most important 
remedial agent in the cure of consumption [is] that of the free use of a pure 
atmosphere; not the impure air of a close room, or even that of the house 
generally, but the air out of doors, early in the morning, either by riding or 
walking; the latter when patients are able, but generally they are unable to 
continue sufficiently long in the open air on foot, therefore riding or carriage 
exercise should be employed for several hours daily, with intervals of walking 
as much as the strength will allow of, gradually increasing the length of the 
walk until it can be maintained easily several hours every day. 


Bodington cites in detail the histories of patients, demonstrating cur- 
ative results wholly unknown under the old regimen. 

But the medical critics of that day would have none of it. They 
lashed him with pens of condemnation and of ridicule, and we can well 
imagine the discouraged disgust that led Bodington to abandon a cru- 
sade by which the world was not yet ready to profit. 

These lines have been written with intention; for there are abundant 
signs to-day that another Bodington is needed to preach the word that 
the walls of fine buildings may but embalm thelife-giving, fresh, moving 
air; that hospitals heated to 75°-80°F. may sap the vitality they are 
intended to conserve. 

It detracts nothing from the credit due Bodington as pioneer in the 
rational conception of the use of climate in the treatment of tuberculosis 
when we find that he was anticipated in the essentials of his doctrine by 
another. Dr. Henry I. Bowditch of Boston has related how his own 
father, Nathaniel Bowditch, a distinguished mathematician, in 1808 at 
the age of 35, was attacked with symptoms of active pulmonary tubercu- 
losis, including severe haemoptyses, and treated himself by a journey in 
an open carriage (4). With a companion he travelled 748 miles, making 
as much as 432 miles in 19 days. The trip was resumed regularly though 
the patient had to be lifted into the buggy. The journey’s end found 
the invalid greatly improved. For the ensuing thirty years he took 
three times a day a walk of one and a half to two miles. At the autopsy 
a healed scar was found in onelung. It seems not unlikely that Profes- 
sor Bowditch’s own idea of treatment may have been founded on the 
teachings of Benjamin Rush, who is said to have urged active exercise 
in the open air for suitable cases of ‘“‘pulmonary tuberculosis” as early as 
1783 (5). 

Let it be noted that the speaker is here emphasizing chiefly the benefits 
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ENVIRONMENTS OF TUBERCULOSIS 5 


of the open air (‘“climate,”’ properly so called) without unqualified en- 
dorsement of what to-day most of us would regard as decidedly over- 
strenuous physical exertion. 

In his excellent history of the Development of our Knowledge of Tuber- 
culosis (1925) Dr. Lawrence F. Flick writes: — 


In Germany Hermann Brehmer, author of “Chronic Pulmonary Consumption 
and Tuberculosis of the Lungs; its Cause and Cure,” opened the first sanato- 
rium at Goerbersdorf, Silesia, Prussia, in 1853. His pupil, Peter Dettweiler, 
father of the rest treatment in tuberculosis, founded the second sanatorium at 


Falkenstein in 1874. 


In our own country the first state sanatorium “for the treatment of 
tuberculosis in the early stages” was built in 1896 at Rutland, Mass- 
achusetts. 

But a truly national institution and one of unique educational influence 
was that established by Dr. E. L. Trudeau in the primitive pineclad 
hills of northern New York, where the founder had himself fought suc- 
cessfully against the disease which was to constitute his absorbing interest 
through life (6). 

The Adirondack Cottage Sanitarium, near the village of Saranac 
Lake, New York, was intended for the care of patients in the curable 
stages of pulmonary tuberculosis. The first unit of what was to become 
a sort of health village, ““The Little Red,” was a cottage of a single room, 
a stove and two cot beds. It was built and occupied February 1, 1885. 

The character and ideals of the institution reproduced the thought of 
its founder, who combined in a remarkable way an extraordinary talent 
for original scientific investigation and a humanitarian urge to give freely 
of his strength and knowledge for the saving of lives threatened by his 
own implacable enemy. 

An intimate reference may be pardoned when I say that doubtless my 
own existence was preserved through an invitation secured by kind 
friends, through which I became, in September 1889, the first Resident 
Physician of the Sanitarium. The principles of Dr. Trudeau’s treat- 
ment were extremely simple. The underlying idea seemed to be to get a 
favorable mental and physical reaction within the patient by gentle 
climatic stimuli applied without. In short, rest in the open air or, 
when indoors, under conditions of free ventilation was the uniform 
procedure. Walking exercise was allowed according to circumstances. 
It must be emphasized that in a region where cold weather prevails for a 
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6 HENRY SEWALL 


large part of the year people acquire a schooling in the use of clothes 
whereby it is appreciated that their chief object is to give comfortable 
warmth in the coldest weather. This in itself is an education upon which 
the benefits of a cold climate intimately depend. Happy the patient 
who, clad in galoshes, warm leggings, woolens, blanket robe, fur coat and 
cap, can lie outdoors in genial defiance of winter’s whims! 

Beginning with Dettweiler himself (7), many students of experience 
since him have sung the praises of winter cold as, above all, the curative 
environment for pulmonary tuberculosis. 

Dr. G. B. Webb, of Colorado Springs, has usefully stressed the value 
of “‘air-baths” to the patient who lies uncovered in free air but protected 
from the wind (8). 

To sum up this important subject: The fundamental object of com- 
bined rest and climatic stimulation is to induce a favorable physiological 
reaction, the characteristic evidence of which is a feeling of increased 
well-being. 

Perhaps the most important acquisition for the patient who has en- 
joyed a course of health-instruction is a mental state which responds to a 
“good” environment by a feeling of comfort, and to a “bad” one by posi- 
tive misery. 

It is not intended here to discuss the climatic treatment of tuberculosis 
with reference to any particular locality; its general principles may be 
applied anywhere. The physical factors of climate, such as temperature, 
humidity, sunshine, wind, altitude, air purity, soil dampness, etc., are 
found in every place. 

A purpose of medical climatology is to determine what, if any, special 
combination of physical factors is most conducive to cure in the tuber- 
culous individual. There can hardly be doubt that there is a considerable 
range of salubrity among climates in this respect. 

Numerous very capable and experienced physicians to-day deny any 
special climatic influence over tuberculosis; yet, when one of these chooses 
the site for a sanatorium, we note that meticulous care and attention are 
given to its situation as to the sun’s rays, the wind direction, the soil 
dampness, etc. 

I will assume without argument that there are great areas in the United 
States, especially along the slopes of the Rocky Mountains, where a 
person in a curable stage of pulmonary tuberculosis hus, with proper 
care, a much better chance of securing permanent arrest of the disease 
than in other regions. 
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ENVIRONMENTS OF TUBERCULOSIS 7 


But it may be asserted that the healing power of any climate, if such 
specifically exists, is but one, and probably not the most important one, 
of several factors which determine the patient’s fate. 

It would probably make for the conservation of human life and happi- 
ness were a rule observed by which no one with active pulmonary tuber- 
culosis should leave home for some distant climate unless financed for 
maintenance and treatment up to a period of at least three years. 

It is well known that Colorado, at least up to recent years, has been a 
Mecca for people with pulmonary tuberculosis since territorial days. 

Among the host of those who there recovered health are numbered a 
large proportion of the up-builders of the State. Even to-day an as- 
tounding fraction of the professions, not to mention mercantile and 
mechanical occupations, is composed of persons who sought the country 
primarily for health, secondarily as a region where a living wage might 
be earned while regaining health. 

When the advancing knowledge of tuberculosis made it clear that 
“climate” per se was but a subsidiary factor in the prescription for the 
pulmonary disease, medical usage inclined to omit it altogether from 
consideration except, perhaps, in cases in which the patients were young 
doctors, or of the indigent poor eager to migrate. 

A few years ago the Denver Sanatorium Association set for itself a 
problem to obtain, if possible, unbiased statistical information which 
might throw light on the comparative value of Colorado as a health re- 
sort in tuberculosis. Accordingly, through a committee, whose work 
was only made possible by a grant from the National Research Council, 
evidence was collected and digested (9). 

The data relied upon were those contained in the certificates of death, 
written for cases of tuberculosis for 13 years from 1908-1920, and filed 
in the office of the State Board of Health. We are confronted at the 
outset with an apparent paradox. Colorado, the health resort for tuber- 
culosis, has nearly or quite the highest mortality in tuberculosis among 
all the states in the Registration Area. For the period mentioned the 
total number of deaths recorded as from tuberculosis in Colorado was 
23,608. The average mortality rate in tuberculosis for the 13 years per 
100,000 population was: for the Registration Area, 147.5; for Colorado 
208.9. 

On analyzing the latter figure, it was found that the death-rate from 
tuberculosis, in which the disease was recorded as having developed in 
Colorado, fell to 30.8 per 100,000 population. It was found that 
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more than 40 per cent of deaths from tuberculosis occurring each year in Colo- 
rado are in newcomers who have sojourned in the State but one year or less; 
and of these 9,539 deaths, 50.8 per cent occurred within the first three months 
of residence . . . . There is proportionately a much higher death-rate from 
tuberculosis of males in Colorado than in the Registration Area. 


It seems that several important conclusions may be drawn from these 
data: 1: The death-rate from indigenous tuberculosis in Colorado is 
far below the average of other states. 2: In a large proportion of cases 
tuberculous patients sent to Colorado should not have left home; their 
disease was irremediable. 3: The mortality from tuberculosis among 
newcomers in Colorado is largely a result of ill-regulated habits, or the. 
strain of earning a subsistence. 

Life in the higher altitudes often demands a period of rest for acclima- 
tization—especially among invalids. Yet it was a common story of 
tuberculous subjects who have broken down that they had been advised 
on leaving home to “avoid doctors, take a gun and a horse and get the 
mountain air.” 

In brief, a favorable climate for permanent residence is found in any 
place where a sick man may bring his active tuberculosis to arrest, and 
then accumulate interest on his health while pursuing a remunerative 
vocation. 

But we have already dwelt too long upon the external environment, 
which we perceive about us. Let us now turn to that less familiar gar- 
ment of life, to which all the forces of nature are contributing. 


; 


2. THE INTERNAL ENVIRONMENT 


In 1878 one of the greatest physiologists who ever lived, a Frenchman, 
Claude Bernard, called attention to the reason why the higher animals 
can accomodate themselves to a range of environment which includes the 
whole earth, from equator to the poles. 

It is, as mentioned before, because the living units of which the animal 
is made live directly, not in air, but in the lymph and blood plasma from 
which the lymph is derived. This liquid medium has a definitely fixed 
temperature for each species. It has an acid-alkali balance which in 
health is like the equilibrium of a dancer who stands on one toe; in each 
case constant codrdinated adjustments alone prevent a fall. 

It is said that life would be instantly incompatible with the faintest 
sign of what we commonly know as an acid reaction in the blood fluid,— 


i 
q 
ig 
bi 
4 
& 
4 
| 


ENVIRONMENTS OF TUBERCULOSIS 9 


of even exact neutrality. The chemical composition of the vastly com- 
plex brew which bathes the tissue cells must be maintained constant 
within very narrow qualitative and quantitative limits,—with the alter- 
native of disease or death. 

Such forms the internal environment within which we truly live. 
Now I imagine some one thinking: ‘What theoretical nonsense this man 
is talking, what about the hypodermatic and intravenous therapies 
which represent the great achievements of modern therapeusis?” I 
wish to say that the full indictment has never been drawn which would 
cite the possibilities for harm in many of the procedures we so indiffer- 
ently employ. Our rapidly expanding applications of radio activities, 
the olla podrida of synthetic drugs we use, not to mention some of estab- 
lished respectability, must impress the unprejudiced enquirer after truth 
in medicine with something like horror at our frequent similitude to the 
blind man swinging a club with the hope of hitting only the foe in a fray. 

It would be inexpedient for me to designate definitely some of the 
specific dangers I have in mind; the statements would have to be weighted 
with proofs based on special investigations in various fields. 

Everyone knows of the martyrs to the early exploitation of X-rays 
before its dangers were realized. And, behold, in 1930 two scientific 
investigators, living next door to the home of codliver oil, publish a 
monograph on dangers attending the use of this good old friend of ours. 

They found that mice receiving daily + cc. of the oil per kg. body weight, 
for a year, suffered marked alterations in the conductive tissues of the 
heart, accompanied by functional disturbance (11). 

In these days when every clinician is confronted with intricate prob- 
lems in blood chemistry in the diagnosis and treatment of common 
diseases, especially those affecting the kidney, it seems to me that we are 
threatened with two specific dangers: the first is the development of a 
pedantic habit of mind, a despicable intellectual state where the view is 
obstructed by a near mote of knowledge obscuring the great beam of ig- 
norance beyond; the second is the resulting practical effrontery of 
shooting our therapeutic missiles into a blood-stream of which we know 
very little, with confidence that they will find their billets in a way to 
serve our ends and do no harm. 

Do not misunderstand me to depreciate the principles of intravenous 
medication. But I must express the opinion that familiarity has bred 
too commonly a dangerous contempt for the hazards of many procedures, 
—in this case that of intravenous medication. 
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P. J. Hanzlik and his co-workers have proved by exact methods the 
extreme sensitiveness of the blood, in its morphology and chemistry, to 
insult offered by the addition of foreign substances (12). 

There is probably no idea in physiology or pathology so rich in con- 
sequences for the practical clinician as that of the normal essential con- 
stancy, physical and chemical, of the internal environment, immediately 
the lymph, mediately the blood plasma. The fortuitous addition to the 
circulation of a minute quantity of foreign protein in or derived from 
pathogenic bacteria leads to what we call “infectious disease,”’ which 
represents the cellular response of the body by the “reactions of 
immunity.” 

The very food that sustains us is rank poison if, unprepared by com- 
plete digestion, it is introduced directly into the circulation. 

As far as our vegetative existence is concerned, it would hardly be an 
error to describe life as “a congeries of activities carried on by our or- 
ganism to preserve the constancy of its internal environment.” 

What then should be our guide to safety in the dangers that beset us? 
Possibly we might find a useful text-book in Mark Twain’s Mississippi 
Pilot. Alert for every sign on the treacherous river, neglecting no shred 
of information of shifting conditions handed back by his predecessors, 
but armed above all with the courage of a trained judgment, the pilot 
steers by an inner chart founded on a reasoned experience. In our own 
profession the application of technical knowledge cannot yet dispense 
with that exalted common sense which humbly reveres the Nature that 
has nurtured life successfully through the vicissitudes of 300,000,000 
years. 

The wisdom of Claude Bernard enunciated a slogan worth remember- 
ing: “Have faith,—and believe nothing!” 

How often in our practice have we supped sorrow from the cup of 
dereliction! 

With the consideration of the external and internal environments, 
which, respectively, impinge on the surface of our whole body or upon the 
cellular elements which compose it, we complete the traditional picture 
of our subject. 

But, according to the definition of environment with which we started, 
it is manifestly desirable that we should definitely consider the great 
groups of our organic machinery according to their functional attributes 
in affecting the internal environment. Accordingly we shall briefly 
consider next one of these. 
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3. THE ENVIRONMENT OF THE VOLUNTARY NEUROMUSCULAR SYSTEM 


This has to do with the skeletal muscles and their nerves. 

The autocracy of climate as the supreme environment to be considered 
in the treatment of tuberculosis became overthrown through the gradual 
development of a new idea in the medical mind. 

The idea had its origin in the sanatorium,—an institution, be it noted, 
topographically located and constructed with the definite view of capital- 
izing the favorable agencies of climate in the treatment of tuberculosis. 
This idea consisted in the realization that, while not ignoring the salutary 
properties of the open air, climate and all favorable qualities of the ex- 
ternal environment, the patient has within his own control the most 
fundamental of all agents in his cure. This consists in the regulation 
of the ratio of Rest and Exercise according to which his time is disposed. 

Dettweiler (7) had urged physical repose as the state which above all 
others favored the subsidence of active tuberculous disease. Thisview 
has grown in general acceptance until lip-service, at least, in its favor is 
nearly universal. 

The very definition of Rest is worth stressing. Very few untrained in 
its use seem to understand it:—that perfect placidity of mind in a recum- 
bent body so relaxed that the joints seem fallen apart; it has sometimes 
seemed worth while to instal a course in Yogi philosophy to secure it. 

An accurate estimate of the basal metabolism of the body requires not 
only a long-empty stomach but a quiet mind and relaxed muscles. 

Jacobson (13) finds that the voluntary muscles contract in resting 
subjects when they imagine contraction. Activity in the tuberculous 
foci tends to subside in the resting body. Grollman (14) estimated the 
effects of gentle exercise on the cardiac output of healthy men. 

With the body at rest the heart ejects 3.5 to 4 litres of blood per min- 
ute; with very gentle walking, one step a second, the amount rose to 
5-6 litres; others showed that in moderate or severe exercise the cardiac 
output was over 10 litres per minute. Such changes of the circulatory 
rate must mechanically impress centres of disease, irrespective of the 
chemical irritants probably generated by muscular contraction. 

The physician in his practice is wise who takes account of the develop- 
ment of our knowledge of pure science, that comes to us only in flashes 
which now and again illuminate the problem that worries him; he must 
bridge the dark intervals with the technical knowledge he has acquired, 
guided by such judgment as reflection suggests. ; 
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In our own case, nothing as regards the management of pulmonary 
tuberculosis appears to me to be of more worth than a study of the ideas 
and methods of Marcus Paterson (15). The inspiration for his plan 
came from the clinical observation that patients with tuberculosis, 
though manifesting acute exacerbation of symptoms after imprudence in 
exercise, if then put to bed under enforced rest, frequently developed a 
resistance and well-being superior to that antedating the mishap. 

About that time and vicinity Professor A. E. Wright was pursuing his 
brilliant researches in the clinica! applications of the principles of immu- 
nology, and especially had represented graphically a replica of what 
appears to occur in the infected body as a reaction to additional inocula- 
tion with toxic matter. There is an immediate decline, following inocu- 
lation, in the powers of “resistance” which may be designated as a 
“negative phase” in a wave of vitality. If during the descent of this 
phase a second dose of toxin be given the descent of the curve would be 
still further depressed, and, if a sufficient number of toxic doses be ad- 
ministered during the “negative phase,” only disaster or death could be 
expected (16). 

On the other hand, if complete rest were enjoined after the first toxic 
dose, the negative phase of the wave of resistance after reaching a certain 
depth would turn and ascend above the base line to a higher level than 
before. If the second dose of toxin were timed to fall upon the ascending, 
positive limb of the wave near its greatest height the positive wave would 
be lifted to a still higher level, and repetition of dosage at this interval 
would be likely to steadily enhance resistance and cure the patient. 
Nothing, it may be said, is more familiar to the immunologist than the 
evidence for modification of an allergic condition through reinoculations 
with antigen with respect to interval and quantity of dosage. 

According to the usual method of Paterson, the patient is subjected to 
voluntary continuous immobilization in bed until well after the period of 
defervescence. Active motion is resumed very gradually through a 
period gauged by the reaction of the patient. 

After being up and about for some time the invalid is allotted the 
easiest of a series of tasks which very gradually call for more and more 
muscular exertion; finally, patients have been able to carry on without 
harm nearly or quite the full day’s work of a laboring man. 

During this regimen any lapse into pathological symptoms, such as a 
rise in temperature, automatically relegates the patient to bed until 
after return to normal. 
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No more refreshing challenge to clinical orthodoxy could be found than 
in the same author’s Shibboleths of Tuberculosis (17). 

Experienced practitioners in this country would probably agree that 
the problem is not so simple as here represented. 

The therapeutic restraint of Rest, at least in cases of disease prone to 
activity, would appear to require on our part a considerable preponder- 
ance of medical enforcement. 

It must be admitted that the regulation of Rest and Exercise often 
presents one of the knottiest problems that could confront us, though its 
difficulties in recent years have been vastly reduced by the use of artifi- 
cial pneumothorax. 


4. THE VEGETATIVE SYSTEM, INCLUDING ENDOCRINE GLANDS AND THE 
AUTONOMIC NERVES 


I have spoken of the food as a factor of the external environment up 
to the time when it is absorbed by the walls of the alimentary canal. 
Hitherto its quantity and quality were subject to control of the will. 

Intestinal digestion has resulted in a brew which would be poisonous 
if brought directly into contact with the general cellular protoplasm. 
It must first pass the ordeal of “intermediary metabolism” in certain 
organs of the vegetative system, of which the liver is easily chief. 

My contention is that our system of voluntary dietetics must take 
account of the involuntary metabolism within the body which makes for 
health or disease, and which we may start but cannot thereafter check or 
regulate. 

That food is truly soul-stuff none can doubt who has been lifted from 
the slough of despair of the early morning hours to the heights of joyous 
and courageous resolution on the wings of Breakfast. 

If you ask what possible bearing this most intricate branch of bio- 
chemistry has on the conduct of a sanatorium for tuberculosis I will refer 
you to a revolution in dietetic fashion within the memory of most of you. 

For a considerable period up to about twenty years ago, “‘superali- 
mentation,” or feeding by stuffing, was a common and loudly acclaimed 
method of nourishing patients with tuberculosis. We have known the 
doctor in charge of such patients complacently relate how, through 
constant bed-rest and superfeeding, they have gained 20-30 pounds or 
more within a few months. It has made me think of what I have known 
to happen among guinea pigs that have been kept in a small cage for a 
year or more, fed abundantly on a stock diet deficient in greens. The 
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animal may weigh 1000 gm., far above the average, and look well; take 
it out of the cage for weighing; the guinea pig may struggle a little against 
the handling, then suddenly begin to gasp and die. Autopsy is apt to 
disclose a large deposit of subperitoneal fat, but no macroscopic evidence 
of the cause of death, even when the animal had been inoculated with 
tuberculosis. It seems to me that the dietetic treatment of the tubercu- 
lous is much more rational to-day, as our knowledge of nutrition has 
increased; but one wonders, indeed, whether the pendulum is swinging 
too far toward underalimentation. 

It would not be kind of me to dwell upon the intricacies of the environ- 
ment made up of the involuntary or autonomic nervous system. Its 
mysteries are not dissolved by Cannon’s finding that an animal may live 
an ostensibly normal life after completely sundering its connections with 
the cerebrospinal nervous system (18). 

When we consider the endocrine glands, which are more or less com- 
pletely mediated by the autonomic system, and regulation of the “hor- 
monic equilibrium,” we cannot but be appalled at the unsolved problems 
which confront us daily. 

Quite recently Professor Cannon (19) and his co-workers, by an ex- 


quisite application of logic to experimentation, have added another 
component to the bewildering view of hormones. Namely, they find in 
the cat that an internal secretion is developed by the contraction of 
involuntary muscle fibres, which, entering the circulation, increases blood- 
pressure, rate of heart-beat, and salivary secretion. 

We come now to our fifth and final environment, which confines the 
Soul and through it the body of your tuberculous patient. 


5. THE PSYCHIC ENVIRONMENT 


In the foregoing I have differentiated four categories of physical 
environment which represent from the viewpoint of the doctor the agen- 
cies he may employ to get control of his patient’s disease. The doctor 
classifies the sick man according to his reactions to these therapeutic 
measures. 

But this is only half—or less than half—the story. The nurse’s chart 
tells what the doctor thinks of the patient,—but not a word of what the 
patient thinks of the doctor. 

It is a lamentable fact that to the scientifically trained practitioner of 
medicine who studies the disorders of the vital machinery: the problem 
tends to become exclusively one of mechanics and chemistry. 
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But, just as we found that living protoplasm of the body resides in a 
definite medium of constant physical properties, departure from which 
leads from physiology to pathology, so the ego of the patient lives in a 
specific psychic environment of feeling, hope, despair, courage, fear, 
ambition, boredom, content, irritation. 

He lives in a psychic atmosphere every whit .as real as the air we 
breathe. The purview of his ego is determined by the composition of 
his psychic atmosphere, and that ego in turn shrewdly influences the 
chemistry of health and disease. 

Just here a caveat may be announced against a real danger inherent in 
strict bodily rest too long enforced for the sake of somatic health. Psy- 
choses may be induced, or the irritable nervous system may be ruined 
by the drugging employed to allay its pangs. 

The wonderful and practical thing for the doctor to know is that the 
psyche of his patient is as wax in the hands of the affectionate and intel- 
ligent counsellor. How often must we see men and women die from 
mental distress whom the tubercle bacillus alone could not vanquish! 
What a relatively small proportion of our professional thought has been 
given to the mental rest, exercise and recreation for tuberculous patients 
during the weary months (or years) of their enforced idleness. What 
military men call morale is of fundamental importance in warfare, and 
it is a warfare in which our patients are engaged against an invader. 

Human belief is a feather in the wind of suggestion. We are ever 
newly amazed at the universal psychic catalyst in therapeutics. 

The tuberculous patient is usually characteristically inclined toward 
optimism, but too often his inward vision focuses only on the flies in the 
ointment. 

Sometimes a special psychological technique is required to stabilize 
emotions or prepossessions that have got out of hand. It might be a 
happy circumstance were every sanatorium staff provided with an ade- 
quately trained consultant in psychology. 

Professor Mary B. Eyre of Scripps College, California, relates interest - 
ing episodes attending mental therapy among patients in a sanatorium 
for tuberculosis under the unfavorable conditions of an excessively hot 
summer. No “claptrap” attended these ministrations, which were 
designed to allay unruly emotions and to awake an interest in the har- 
monies of life (21). 

But every doctor must be his own priest, knowing, as William Osler 
was so fond of insisting, that faith is the force of forces through which 
minds are inclined and to which bodies respond. 
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If one were required to indicate by a single word the property of the 
psychic atmosphere which it should be sought to create in the wards and 
rooms of the sanatorium, it would be “humanism,”—a realm of identical 
interests between doctor and patient. 
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BASAL PULMONARY LESIONS 


PAUL DUFAULT! 


To rule out pulmonary tuberculosis is one of the most difficult and, at 
times, the most trying problems that confronts the phthisiologist. Hav- 
ing at heart the best interest of his patient and his greater safety, the 
physician is often inclined to lean toward a positive diagnosis. In pul- 
monary tuberculosis as well as in other diseases, every positive sign adds 
its respective value to that of the others, and a conclusion in the af- 
firmative may be drawn from their sum-total. Negative signs have 
considerably less weight. In other words, the patient is considered as 
tuberculous until it can be proved differently. 

Among the most frequent and also the most puzzling cases are those 
with the lesions located only at the base of the lung. 

A review of the literature on the subject and a report of a few typical 
cases admitted to our sanatorium during the past few years might be of 
some interest. Norris and Landis are very dogmatic: “As I have re- 
peatedly emphasized, tuberculosis is never primarily a basal condition. 
The fact that the physical findings are entirely limited to the base of 
the lung therefore excludes tuberculosis at once.” 

Fishberg asserts emphatically: “Basal lesions in tuberculous patients 
are extremely rare; when they do occur, they are terminal phenomena 
when the diagnosis is beyond doubt. A lesion at the base, while the 
apex is free, should be considered as non-tuberculous unless the sputum 
is positive as regards tubercle bacilli.” Speaking about tuberculosis in 
children, he clearly states, ‘“‘Chronic tuberculosis of the lungs in children 
of school age, when it does occur, affects the upper lobe almost invariably, 
and lesions in the lower lobes should not be considered tuberculous unless 
there are symptoms of toxaemia and positive sputum.” 

Hamman and Wolman, after a study of lower-lobe lesions, conclude, 
among other things, that “‘it is unusual to have a tuberculous pulmonary 
lesion situated in the lower lobe alone, although occasionally such locali- 
zation does occur.” 


1 Rutland State Sanatorium, Rutland, Massachusetts. 
17 


he 
nd 
al 
gy; 
ins 
irt 
5, 


18 PAUL DUFAULT 


Garvin, Lyall and Morita claim that “rales of long standing below the 
middle of the chest in the absence of heart lesions are almost as diagnostic 
of a chronic non-tuberculous lung infection as rales of long standing at 
the apices or upper half of the chest are suggestive of pulmonary tuber- 
culosis.” These authors believe, however, that 10 per cent of all tuber- 
culous lesions are located in the lower lobes. 

Riesman, after reporting 7 cases of basal nontuberculous lesions, says, 
“T am quite sure that a diagnosis of tuberculosis is often made in these 
cases of chronic cough with low continued fever; but if the chest is care- 
fully examined, back and front, above and below, the peculiar, almost 
specific character of the disease will be discovered, and then the thought 
of tuberculosis will be no longer entertained.” 

According to M. Jacob, “lower lobe pulmonary tuberculosis without 
apical involvement is a rare condition.” 

Pancoast, discussing a paper presented by Dunham and Norton on 
basal tuberculous lesions, disagrees with these authors: ‘‘Primary basal 
tuberculosis is frequently diagnosed by the more or less inexperienced, 
but it is a rare manifestation of the disease. I have seen very few cases 
of the type mentioned in the paper.”’ A few authors, however, have 
taken the opposite stand and claim that basal tuberculosis is not as un- 
common as generally thought. 

Middleton claims that “evident signs of pulmonary tuberculosis may 
be overwhelmingly or entirely in the base.” He admits, however, that 
such occurrences are the exception rather than the rule. 

As already mentioned, Garvin, Lyall and Morita believe that 10 per 
cent of all tuberculous lesions are located in the lower lobe. Dunham 
and Norton claim that basal tuberculosis is quite common in the negro 
and not uncommon in the white. To prove their assertion, they report 
26 cases (admitted in two years in a 250-bed hospital) with lesions con- 
fined exclusively to the lower lobe. All these patients, however, showed 
signs of tuberculosis in other parts of the body. 

That pulmonary tuberculosis is very seldom, if ever, located exclusively 
in the lower lobe, seems to be by far the prevailing opinion. Exception 
is made in the cases in which the lower-lobe lesion is accompanied by some 
manifestation of tuberculosis in other parts of the body. Lower-lobe 
tuberculosis is, then, a manifestation of a generalized condition. 

A rapid review of our records for the past two years was made and 
only one case of strictly basal tuberculosis, as explained above, could be 
found. Rutland, being a sanatorium of 365 beds with an average annual 
turnover of 325, presents a fair working criterion. 
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However, quite a few cases showing some chronic pulmonary infection 
of one or both bases were admitted during that same period. 

Much has been written on the nature of these lesions. They comprise 
abscesses, bronchiectases, chronic pneumonitis, etc. The following 5 
cases, chosen as typical, were, with one exception, admitted within the 
past twelve months. 


Case 1: M. H., female, 22, admitted May, 1930. Family History: Negative. 
Diseases of Childhood: Scarlet fever at 4; measles, tonsillectomy and adenoidec- 
tomy at five. Diseases of Adult Life: Deniesany. Present Illness: Developed 
a cold in August, 1928. In bed three days on account of high fever. Con- 
tinued coughing and feeling poorly until end of September, when patient had 


Fic. 1 Fic. 2 


Fic. 1. Case 1. The only pathological change seen is the opacity at the left base 
Fic. 2. Case 1. Notice sacculations filled by lipiodol 


haemoptysis of about 4 ounces. Lost weight; felt tired. Remained in bed 
about a year, during which time she had eight haemoptyses. Regained weight. 
Chief Complaints on Admission: Slight cough, raising one-half ounce of sputum 
in twenty-four hours. Physical Examination: Well developed and well 
nourished. Up to normal weight. Respiration diminished, and a few moist 
rales at left base. Entire right lung and upper half of left were clear. Labora- 
tory: Forty sputum examinations were negative. Two guinea pigs were 
negative. Numerous smears and cultures on various media were made with 
the pus obtained by bronchoscopic aspiration and were all found negative for 
tubercle bacilli. 
Diagnosis: Chronic lung abscess of the left base. 

Case 2: C. A. B., male, 21, Admitted August, 1930. Family History: Negative. 
Diseases of Childhood: Whooping cough and chickenpox at nine. Dvseases of 
Adult Life: Pneumonia at sixteen. Present Illness: Chronic cough since pneu- 
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monia at the age of sixteen. For past three years, has had several haemoptyses 
of from one to eight ounces. Has never felt very well for past four years. 
Chief Complaints on Admission: Productive cough. Has been raising two box- 
fuls of sputum for past year. Physical Examination: Patient is pale and thin. 
Dulness, moist rales, bronchial breathing and pectoriloquy over lower two-thirds 
of left lung. Laboratory: Twenty-five sputum examinations negative. Two 


Fic. 5 Fic. 6 
Fic. 3. Case 2. Bedside film. Pericardium pulled to the left, partly obliterating the 


left diaphragm. 
Fic. 4. Case 2. Multiple sacculations of left lower terminal bronchi faintly revealed by 


lipiodol behind heart shadow. 
Fic. 5. Case 3. Right diaphragm raised following phrenicectomy. Right base opaque. 
Fic. 6. Case 3. Lipiodol fills some of the multiple abscesses found at operation (lobectomy). 


guinea pigs also negative. Cultures from pus aspirated through bronchoscope 
gave no growth on crystal-violet potato. 
Diagnosis: Bronchiectasis of left base. 


Case 3: H. G., male, 24, admitted February, 1928. Family History: Negative. 
Diseases of Childhood: Whooping cough, chickenpox, measles, tonsillitis and 
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pneumonia at the age of six. Diseases of Adult Life: Influenza in 1918; also 
pneumonia at same time. Sick two weeks. Recovered well. Tonsillectomy 
a year before admission. Present Illness: For past one and one-half years, spat 
small amounts of blood occasionally. Three haemoptyses, varying from 3 to 
8 ounces, during past year. Chief Complaints on Admission: Slight hacking 
cough. Raises one-half ounce of whitish sputum in twenty-four hours. Ex- 
pectoration has been same for many years. Patient up to his maximum weight 
and claims to be feeling perfectly well. Laboratory: Forty-five sputum exami- 
nations, several guinea pigs and two cultures on crystal-violet-potato medium 
found negative. 

Diagnosis: Multiple abscesses of right base. 

Patient is now convalescing after a successful lobectomy. 


Fic. 7 Fic. 8 
Fic. 7. Case 4. Film similar to fig. 3. Lower pericardium is pulled to the left. The left 


cardiophrenic angle is opaque and partly obliterated. 
Fic. 8. Case 4. Lipiodol outlines a small abscess behind the heart and some bronchial 


dilatations immediately above the diaphragm. 


Case 4: M. T., female, 31, admitted May, 1930. Family History: Negative. 
Diseases of Childhood: Whooping cough, chickenpox, diphtheria, measles. 
Diseases of Adult Life: Influenza twelve years ago; tonsillectomy ten years 
ago; appendicectomy and ligamentopexy nine years ago. Present Illness: 
Tired off and on for the past fifteen years but was able to carry on with work. 
A slight cough, disappearing at times, since spring of 1929. Noticed expec- 
toration in October, 1929. Sputum examinations and X-ray were found nega- 
tive at that time. Another sputum examination, made in February, 1930, was 
reported positive for tuberculosis (before admission). Chief Complaints on 
Admission: Cough and expectoration (four drams in twenty-four hours); thin 
and yellowish. Up tonormal weight. Chest Examination: Expansion normal; 
slight dulness at left base. Left complemental space diminished; bronchophony 
and whispered voice increased at left base, where there were some moist rales 
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and where breath-sounds had an amphoric quality. Laboratory: Thirty-five 
sputum examinations were negative. Two guinea pigs were inoculated and 
showed no evidence of tuberculosis at autopsy. Cultures of sputum on crystal- 
violet-potato were found negative. Two intracutaneous tests done in July, 
1930, were found negative. A third, done in January, 1931, was interpreted 
as slightly positive. Sedimentation time,—18. 

Diagnosis: Small abscess of left base. 


Case 5: V. V., male, 34, admitted September, 1930. Family History: Father 
died at 52 of tuberculosis. Diseases of Childhood: Measles, whooping cough, 
pneumonia when one year and when fifteen years old. Diseases of Adult Life: 
Pneumonia at twenty-three. Present Illness: Coughed and raised sputum for 


Fic. 9 Fie. 10 
Fic. 9. Case 5. Bronchial markings are thickened over right base. Lung fields otherwise 


clear. 
Fic. 10. Case 5. Bronchiectatic cavity in right cardiophrenic angle filled by lipiodol. 


about a year (1919-1920) after pneumonia. During past ten years had frequent 
periods during which he coughed slightly, following chest colds. A severe 
cough developed in January, 1930, which is still present. In May, 1930, was 
advised to enter sanatorium. No lossin weight. Chief Complaints on Admis- 
sion: Severe cough. Raises 4 ounces of sputum in twenty-four hours, and has 
done so since last January. Physical Examination: Well developed and well 
nourished. Chest expansion appears normal, resonance normal, sibilant and 
coarse rales scattered throughout both lung fields. Laboratory: Thirty-two 
sputum examinations were negative. Two guinea pigs were inoculated with 
specimen of sputum and showed no evidence of tuberculosis. Cultures of the 
pus obtained through the bronchoscope on crystal-violet-potato were found 
negative for tubercle bacillus. 
Diagnosis: Bronchiectasis over right base. 
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It is interesting to notice that cough and expectoration were present in 
all cases. Three gave a history of repeated haemoptyses. Only one 
patient was under his normal weight on admission. Three complained 
of fatigue. The other two felt perfectly well. The general condition 
did not square with the severity of the symptoms in four of the cases. 
One was rather thin and anaemic on account of a considerable loss of 
blood. Four were running normal temperature and pulse. One had 
high fever until she was bronchoscoped. 

This brings up an interesting point. As stated previously: How can 
the clinician safely rule out tuberculosis which may be present in spite 
of accumulated negative findings? The bronchoscope has been of great 
assistance to us and we feel it is a valuable addition to our working unit. 
A bronchoscopy, followed by injection of lipiodol and a pneumonograph, 
will very often clear the obscure points and establish the diagnosis on 
a solid basis. A retrospective study of our records over the past few 
years has brought back to light many cases of basal lesions. It was felt 
at the time that they were not tuberculous and yet tuberculosis could 
not be eliminated. 


SUMMARY 


1. A brief review of the literature on basal lesions is presented. 

2. The prevailing opinion is that tuberculosis located exclusively at 
the base of the lungs is extremely rare. 

3. Five typical cases of basal lesions mistaken for tuberculosis are 
reported. 

4, The bronschoscope is of considerable value and it should have its 
place in all well equipped sanatoria. 
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THE EXAMINATION OF THE BLOOD AS AN AID IN 
THE DIAGNOSIS OF HILUM LYMPH-NODE 
TUBERCULOSIS 


ELI FRIEDMAN, WILLIAM DAMESHEK anp JOHN B. HAWES, 2np 


This paper is based on a study of 30 children at the Prendergast Pre- 
ventorium, maintained by the Boston Tuberculosis Association. Each 
of these children is a contact case and presents a positive tuberculin 
test. Each child therefore has a latent focus of tuberculosis located 
presumably in the bronchial lymph nodes, but is not clinically sick. 

The diagnosis of bronchial lymph-node tuberculosis in a latent stage 
is extremely difficult. Symptoms as well as physical signs are usually 
absent. In those rare occasions when the lymph nodes are large enough 
to give rise to physical signs, one cannot always be certain that this en- 
largement is due to tuberculosis. The tuberculin test is of course of 
great importance, but at best it shows only infection without necessarily 
indicating active disease. The same holds true in regard to X-ray ex- 
amination. When the lymph nodes are large and dense enough to show 
a shadow on the film, one is still at a loss to determine whether or not 
this enlargement is due to a tuberculous infection and, if so, whether these 
lymph nodes are active or quiescent. 

In recent years, following the work of (1) Sabin and her co-workers, 
there has been much discussion as to the value of blood studies in the 
diagnosis and prognosis of human tuberculosis. Cutler and Cohen (2), 
among others, are strong believers in the importance of the sedimentation 
rate of the red blood cells in this disease. They maintain that this rate 
reflects the disturbance produced in the blood by absorption of toxins, 
and serves as a measure of tissue destruction. They have come to the 
conclusion, therefore, that the sedimentation rate is the most valuable 
single test at our disposal for estimating activity. Various other authors, 
among whom may be mentioned Cunningham and Tompkins (3) and 
Blackfan and Diamond (4), are of the opinion that the degree of activity 
of a tuberculous process may be estimated by supravital studies of the 
peripheral blood as to the relation of the monocytes to the lymphocytes. 

In this study we have attempted to determine whether a careful ex- 
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amination of the blood would reveal any changes which could be corre- 
lated with clinical and roentgenological observations. Since every child 
in our series, as determined by the history, symptoms and physical signs, 
showed no evidence of clinical activity, we felt that the injection of a 
small dose of tuberculin would not only be a perfectly safe procedure, but 
might at the same time, by intensifying the local lesion, show some effect 
on the blood. Each child was therefore given a subcutaneous injection 
of 0.01 mgm. Old Tuberculin (0.000,01 gm.), and the general reaction, 
such as fever and malaise as well as the local reaction, noted. In each 
case, before the tuberculin was given, blood was taken for a sedimentation 
rate and for counts of the white blood cells and their differential rate. 
These observations, with the exception of the sedimentation test which 
was repeated only once, were repeated in 24 and 48 hours, after the tuber- 
culin was given. 

The sedimentation rate was determined by the method of Ernstene 
and Gilligan. This is an extremely accurate but a very laborious pro- 
cedure. 

The white blood cell count was done in the ordinary manner. Dif- 
ferential counts of the white blood cells were made from blood smears, 
prepared with Wright’s stain, counting 200 or 250 leucocytes. The poly- 
morphonuclears were counted, not only as such, but were divided, as 
suggested by Schilling (5), into mature and immature forms. This 
method has been used by one of us (W. D.) in the past four years for the 
routine study of blood smears and has been found useful, not only to 
indicate the presence of infection and its probable degree, but from the 
point of view of prognosis as well. 

The monocyte, due mainly to the work of Sabin and her co-workers, 
has been shown to play a leading réle in tuberculosis. Indeed, tuber- 
culosis has been said to be a disease of the monocytes. It has been said 
that only by a routine study of the blood cells, carried on according to 
the supravital technique of Sabin, can monocytes, particularly those 
modified by the disease tuberculosis, be accurately differentiated from 
large lymphocytes. After working with both the supravital method and 
the ordinary stained blood smear, however, we do not feel convinced 
that the first more difficult method gives results so far superior to the other 
that its use is to be preferred. The so éalled epithelioid cell, which can 
be accurately differentiated only in supravitally stained preparations and 
which is supposedly specific for tuberculosis, has been found by one of 
us (W. D.) in syphilis, especially in general paresis as well as in other 
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chronic infections in which a monocytosis was present, while, after ade- 
quate practice, a monocyte can easily be distinguished from a large 
lymphocyte in the stained and fixed preparation. Its differentiation 
from an immature polymorphonuclear cell with the ‘“‘band”’ form of nu- 
cleus is simple, provided one keeps in mind such factors as the color of 
the cytoplasm, the character of the nuclear chromatin and the type of 
granule. While admitting, then, that the supravital technique is of 
value, we feel that it is reserved for the use of trained investigators and 
is not a method for general clinical application. 

The following table demonstrates some points of differentiation be- 
tween the three types of cells: 


Differential diagnosis of normal leucocytes 


Neutrophile Monocyte Large lymphocyte 
10-12 micra 15-20 micra 12-15 micra 


Gray blue Sky blue 
Coarse lilac Innumerable, very Few (if any) coarse 
fine azure azure 


Variable 0.7-0.8 of cell 0.5 of cell 

Variable, usually Usually indented, Round, eccentric 
segmented “reniform”’ 

Coarse, with linear Coarse blocks of Coarse blocks of chro- 
striations chromatin matin 


The ratio of monocytes to lymphocytes (M:L ratio) has been found 
by Sabin, to be of value in determining the activity of a tuberculous 
process. This ratio was calculated in these cases from the differential 
counts of the fixed preparations. 

We now present the details of the blood findings. 

1: White Blood Cell Count: The leucocyte count was said to be normal 
when it was below 12,000 percmm. We realize that this figure is rather 
low, and that 15,000 may at times be a normal count. However, the 
great majority of the children showed a leucocyte count consistently 
under 10,000 per cmm., so that the counts of 12,000 or more stood out 
rather prominently. The following cases showed a slight leucocytosis 
after the tuberculin injection and as is evident from the figures with one 
exception, before giving tuberculin. 


Cytoplasm 
Granules...... 
Nucleus 
Chromatin...... 


BLOOD IN HILUM TUBERCULOSIS 


Before tuberculin After tuberculin 
11,100 14,200 
10 ,400 13 ,200 
8,200 12,800 
12,300 11,400 
10,650 13 ,450 


Leucopoenia was found in only one instance. In this patient, E. C., the 
leucocyte count before the tuberculin was given was 8,050 per cmm. 
and, after tuberculin, 5,600 per cmm. This finding is of significance 
because this child was the only one that showed any evidence of clinical 
activity. 

2: Sedimentation Rate: This was said to be normal when the corrected 
sedimentation rate was 0.35 mm. per minute or under. An increased 
rate after a tuberculin injection was present in the following cases: 


Before After 
tuberculin tuberculin 


0.65 
0.40 
0.90 
0.35 
0.51 


The sedimentation rate of the red blood cells has been intensively 
studied in the past decade. An increase in sedimentation rate has 
been found to indicate infection, tissue breakdown or pregnancy. This 
test has been used extensively in tuberculosis in the determination of 
activity, but it has diagnostic value as well. In the study of a large 
group of cases coming to the Outpatient Department of the Boston Dis- 
pensary, the sedimentation rate was found to be definitely increased in 
tuberculosis. If, therefore, in a supposedly normal individual the sedi- 
mentation rate is found elevated, this should arouse suspicion as to the 
presence of a hidden tuberculous infection. Thus, in the case of these 
children, tuberculosis as a cause for the increase in the sedimentation 
rate must be considered. 

3: Immature Polymorphonuclear Cells: Normally, there are 4 per cent 
or less of immature polymorphonuclear cells (“band forms’’) present in 
each one hundred white blood cells. The ‘‘band forms” are distin- 
guished by a nucleus which is in the shape of a U, an S or an I, with no 
tendency for “budding” or segmentation. The “young forms” have 
a thicker nucleus with only a slight indentation, whereas the myelo- 
cytes have a round nucleus. Clinical observations by Schilling and by 
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numerous other investigators during the past few years and experimental 
data by one of us (W.. D.) have served to show that an increase in immature 
polymorphonuclear cells, due to increased bone-marrow production, is 
present in almost all infectious diseases. This holds true for tuberculosis, 
so that the activity of the process can be gauged by periodic study of the 
percentage of immature polymorphonuclears. In the following cases, 
immature polymorphonuclear cells were present in a higher percentage 
than 4 per cent. 


Before After 
tuberculin tuberculin 


5.8% 


6.4% 
6.0% 


4: Monocyte-Lymphocyte Ratio: The ratio of monocytes to lympho- 
cytes is determined by dividing the percentage or absolute number of 
monocytes by the percentage or absolute number of lymphocytes. 
This ratio was first used by Sabin, who found that very frequently in 
experimental tuberculosis the monocytes were increased and the 
lymphocytes decreased during the period of most marked activity, but 


that with decreased activity this was reversed so that the lymphocytes 
predominated. This was first applied clinically by Cunningham and 
Tompkins and later by various other investigators. 

The normal M:L ratio has been placed at about 0.25 to 0.33. It 
often becomes increased in tuberculosis to 0.8-1 or even higher than 1. 
However, one of us (W. D.) has shown that it is not specific for tuberculo- 
sis, as it is almost constantly elevated in the convalescent phase of any 
acute infection and it is likewise often elevated in chronic sepsis, syphilis, 
etc. 

A monocytosis (percentage of monocytes 12 per cent or over) was 
noted in the following cases: 


Before After 
tuberculin tuberculin 
12.8 §.2 
10.4 a2. 
16.8 
22. 
9-16.5 


The M:L ratio in these children was as follows: 
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Before After 
tuberulin tuberculin 


17 


. 28-.80 
.33—.18 
.08-. 30 
.20-.33 
.33-.28 
.30-.28 
.20-.20 
.05—. 10 
.16-.20 
-25-.12 
.20-.30 
.30 


As is shown in the table there were only two children whose M:L ratio 
was above the normal before the administration of tuberculin; namely, 
J. S., .45, and E. C., 43. These can hardly be considered definitely 
abnormal because this slight increase occurs not infrequently without 
known cause. After tuberculin the M:L ratio frequently became 
greater than it was before, which is to be expected, because the injection 
of any substance, specific or nonspecific, is apt to produce a monocytosis. 
The following cases showed a M:L ratio above .40 after tuberculin in- 
jection: D. C., 49; H. M., .66; M. R., .44; J. B., .80; and D. F., .50. 

5: Summary of the Blood Findings: The following children had blood 
findings which may be considered to show some deviation from the 
normal. 
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Increase in while Increase in Increase in Increase in 
blood ceils sedimentation rate “band forms” M:L ratio 


P. L. P. L. D. C. 
LE. D. B. .M. 


V. A. 

M. Mc. G. F. E. De 

RC. E. C. 
Cok. 

The blood of P. L., as is evident, shows an increase in the total number 

of leucocytes, as well as in “band forms” and in sedimentation rate. 

The others responded to only one of the tests. 

6: Summary of the Clinical Findings: Along with this investigation of 
the blood, a clinical study was made of every child in this series. A 
history was taken of each child to determine the degree and extent of 
exposure. A history of frequent colds, cough and unexplained ease of 
fatigue were considered important. A marked reaction to an intra- 
cutaneous and subcutaneous tuberculin injection was looked upon as a 
possible indication of recent activity. In the physical examination not 
only the weight or height ratio was considered, but also the general ap- 
pearance, nutrition, muscle-tone and posture. Physical signs, such as 


interscapular dulness, D’Espine’s sign, etc., and roentgenological evi- 


dence of possible enlargement of the tracheobronchial lymph nodes were 
given proper consideration. 

As a result of this analysis, 11 children out of the thirty who were 
studied were recommended for further preventorium care. ‘This decision 
was not based on any one single finding, but rather on the general 
impression of the child when all the clinical findings were taken into con- 
sideration. 

It is interesting to note that, if we omit the total leucocyte count, the 
positive blood findings agree quite well with our clinical observations. 
G. F. is the only one found positive clinically who did not have some 
positive haematological finding, and D. F. was the only one who from a 
clinical point of view was negative but who showed questionable increase 
of the M:L ratio after the injection of tuberculin. 


COMMENT 


The number of cases studied is so small and the factors involved are 
so many that we cannot attempt to draw any definite conclusions. All 
we can do here in this preliminary report is to state our impressions. 
Later on, we hope to substantiate them by further study on a much 
larger number of cases and over a longer period of time. The fact that 
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the positive haematological findings agreed fairly well with the clinical 
findings would suggest that the changes noted in the blood after the sub- 
cutaneous injection of tuberculin were not an allergic manifestation, due 
to the reaction of the body sensitized to tuberculin, but rather an indica- 
tion of possible reactivation of a focus of tuberculosis. 


SUMMARY AND CONCLUSIONS 


Study of the peripheral blood and of the sedimentation rate in suspected 
cases of hilum lymph-node tuberculosis is of great interest and may prove 
to be of some practical importance. Correlated with a careful history 
and with physical and roentgenological examination, blood findings may 
be of value in diagnosis as well as in prognosis. 
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THE DIAGNOSIS OF DISEASES OF THE HIP-JOINT!# 
With Special Reference to Tuberculosis of the Hip 
R. M. BURLINGAME 


This paper does not boast of anything new or original in regard to 
diagnosis or treatment of hip-joint disease, but is merely a resumé of 
the various conditions met with and an attempt to clarify the differential 
diagnosis. 

Miller (2), in an analysis of the admissions for various hip diseases 
over an eight-year period at the North Carolina Orthopedic Hospital, 


gives the following figures: 


Tuberculosis 

Legg’s disease or coxa plana 

Coxa vera of adolescence 

Osteomyelitis or acute septic epiphysitis 
Acute transient epiphysitis 


Tuberculosis of the hip is often confused in its early stages with pyogenic 
infection of the hip and, as the treatment of these two conditions varies, 
I think it is well worth while to review the differential diagnosis and 
treatment, and to present three cases illustrating some of these points. 


TUBERCULOSIS OF THE HIP 


The site of tuberculous invasion in children is more frequently the 
upper femoral epiphyses. In adults the primary focus is usually in the 
head of the femur. The invasion occasionally begins in the acetabulum. 
The synovial type of tuberculosis is seldom observed in the hip. The 
evolution of the pathological process can be followed by the X-ray. In- 
volvement is first apparent by ill-defined areas of necrosis near the 
epiphysis, which gradually undermine the encrusting cartilage and super- 
ficial bone until the joint is invaded, when there is gradual erosion with 
destruction of the articular cartilage and adjacent bone. The acetabu- 
lum may be destroyed and the head of the femur dislocated. The head 


1 From the Lutheran Sanitarium, Wheatridge, Colorado. 
2 Read before the Denver Sanatorium Association, Denver, Colorado, May 26, 1931. 
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and neck of the femur may disappear, so that the trochanter approxi- 
mates the pelvis. Abscesses are a late manifestation. In those in 
whom efficient orthopaedic measures are instituted early and main- 
tained throughout, the destructive process is more often restricted. 

Symptoms: In children the first apparent abnormality is an early 
morning stiffness, with lameness which disappears in a few hours. As the 
process advances the limp becomes more pronounced and continues 
throughout the day. Pain is almost invariably referred to the knees, 
but may also be present in the hip. ‘‘Night crys” are more frequent and 
more severe than those observed from tuberculosis of any other joint. 
Atrophy is constant and is observed earlier than in tuberculosis of other 
joints and also to a greater degree in tuberculosis of the hip than in other 
hip affections. On palpation, induration and swelling may not be ap- 
parent early, but are always apparent when the process is well advanced, 
being first manifested on the anterior aspect of the joint, and later 
surrounding the entire joint. Active and passive motion are obliterated 
by muscular spasm, which is more intense and continuous in the hip 
than in any other joint, and is often manifested to such an extent that 
ankylosis is apparent. At the onset the hip is held in flexion, abduction 
and external rotation, and the affected leg seems longer. After extensive 
destruction there is organic deformity and the hip is flexed, adducted 
and rotated inward with actual and apparent decrease in length. The 
gluteal fold in the early stage is below that of the normal side and after 
extensive destruction is above the normal side. Apparent increase and 
decrease in length are obviously due to malposition, with tilting of the 
pelvis. Occasionally, there may be actual increase in length from prolif- 
eration of the upper femoral epiphyses but not of sufficient degree to be 
of practical importance. The early stage of tuberculosis of the hip is 
rarely seen in adults. The process begins insidiously, with pain and 
restriction of motion. The symptoms of muscular spasm, atrophy and 
swelling are not so acute as in children. 

Abscesses may be apparent as fluctuating masses over the greater 
trochanter or posterior aspect of the hip. Rarely, abscesses may break 
through the acetabulum into the pelvis, forming perirectal abscesses, 
- or may rupture into the rectum. Secondary pyogenic infection as a 
late manifestation is evidenced by symptoms of sepsis. A multiplicity 
of sinuses in all directions is not uncommon in neglected cases. 
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LEGG’S DISEASE OR COXA PLANA 


Coxa plana is a flattening of the head of the femur. The condition 
was first discovered by Legg, in 1910, and later by Perthes and Calvé. 
The term, coxa plana, was suggested by Jansen. Previously, this affec- 
tion was undoubtedly regarded as tuberculosis, which accounts for many 
reputed cures from various kinds of treatment. 

Aetiology: Coxa plana is an affection of mid-childhood, occurring 
between the ages of 5 and 10 and rarely afterward. No specific aetiology 
has been proved although several causative factors have been suggested: 
for instance (1) trauma, (2) infection, (3) congenital malformation, (4) 
nutritional and (5) syphilis. In all probability there is no specific causa- 
tive agent, and, like many pathological processes in joints, it may be 
regarded as a reaction that is induced by many different distinct factors. 

Pathology: As operative measures are rarely required during the active 
process and death could only occur from some intercurrent disorder, 
there is little known as to the pathology. Kidner (1) found an abscess 
in the neck of the affected femur, which, upon culture showed Staphylococ- 
cus albus, and on microscopic examination Kidner found evidence of a 
low-grade inflammatory process. Phemister (1) likewise observed evi- 
dence of a low-grade inflammatory process. ‘The X-ray shows the follow- 
ing characteristics: At the onset the head of the femur becomes slightly 
flattened. At the same time there are mild destructive changes in the 
acetabulum. ‘The diameter of the neck is also increased. After several 
months there is fragmentation of the epiphyseal disc, which may partially 
disappear, terminating in a broad rather flat head that is permanent. 
Ankylosis does not occur though restricted motion may result. 

Symptoms: Constitutional symptoms are not present. A slight limp 
is observed at the onset. Pain is usually mild and referred to the anterior 
aspect of the thigh or knee. Motion is limited at the onset in abduction 
and internal rotation and also occasionally is extreme flexion. Other 
ranges of motion are free. Moderate adduction may develop. At the 
onset the limbs may be of equal length, but later there may be from one- 
half to one inch of shortening. The evolution of the process requires 
about a year. Rarely the symptoms may be markedly exaggerated, 
closely resembling an acute tuberculous invasion of the hip joint. 


COXA VERA 


Coxa vera is a term employed when the normal angle formed between 
the neck and shaft of the femur is decreased from any cause. The term 
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coxa vera is used to define a clinical entity which is also called separation 
of the upper femoral epiphysis. It occurs only during adolescence, 
between the ages of 12 and 18, and is not possible after the epiphyses are 
obliterated by solid osseous fusion when growth is attained. 

Aetiology: Hypopituitarism or other endocrine imbalance is a pre- 
disposing cause, as the process more often occurs in the neuter type of 
fat boys with undeveloped genital organs. Coxa vera of adolescence 
also occurs in normal individuals. Boys are affected more frequently 
than girls. As in coxa plana a low-grade infectious process is a possible 
cause. 

Pathology: The pathology is demonstrated by the X-ray. There 
is definite separation of the epiphysis, with an apparent degenerative 
and proliferative process. The head is displaced downward, or the 
neck upward, thus decreasing the angle between the head and the neck. 
The head may become broad, flat and irregular,—the so-called mush- 
room head. The diameter of the neck is increased and usually bowed 
forward. 

Symptoms: There are no constitutional symptoms except the above- 
mentioned endocrine imbalance. Pain is slight and is referred to the 
thigh or knee, as in coxa plana. Atrophy and muscular spasm are not 
pronounced except in those in whom the deformity is not arrested by 
efficient treatment. Motion is limited in abduction and internal rotation 
and to some extent in flexion. There is a slight limp or shortening at 
the onset which is gradually increased. In those with bilateral coxa vera 
there is a peculiar waddle, with out-toeing that is quite characteristic. 
If deformity is not prevented there may be extreme adduction, as the 
neck bends to an acute angle and motion may be completely blocked, or 
there may be bony ankylosis. 


ACUTE INFECTIOUS ARTHRITIS 


This is the most frequent of the destructive diseases occurring in the 
joints, although the impression prevails that the most common cause of 
permanent disability as a result of hip-joint diseases is tuberculosis. In 
a recent analysis by Campbell (1), extending over a period of five years, 
there were 723 pyogenic and 374 tuberculous affections. 

Acute infectious arthritis is an acute inflammation caused by the 
invasion of a joint by any of the pyogenic bacteria. The infection is 
derived chiefly through the blood-stream from infected teeth, tonsils, 
sinuses, etc., or by penetration from without, as in gunshot wounds, from 
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within as in compound fractures, and by continuity from infections in 
close proximity to the joint. It often follows any of the acute infectious 
diseases. ‘The infection may be confined to one joint or extended to two 
or more. 

Pathology: The pathological picture is one of an acute inflammatory 
process. If virulent necrosis ensues, with adhesions and fibrosis, there 
‘will be further organization into tough fibrous tissue, fibrocartilage or 
solid bone. In the cases with serous exudates there is rarely extensive 
destruction, and the joint usually returns to normal. With seropurulent 
exudates the process is more severe and may result in extensive adhesions 
of articular surfaces. With purulent exudates, as evidenced by the 
formation of thick pus, the articular structures may be completely de- 
stroyed. In children the bone is invaded for a greater distance than in 
adults, but there is less actual bony destruction in children, due probably 
to the inherent difference in structural quality. In children partial or 
complete obliteration of the epiphyses is not uncommon. Under 8 years 
of age, ankylosis is usually of the fibrous type, and a return of function 
is to be expected if contractures are to be avoided. Symptoms: The 
onset is sudden, with high temperature and signs of an acute pyogenic 
infection. A chill in adults or a convulsion in children may be the first 
symptoms, or rarely slight soreness or pain may have existed for a few 
days; a history of trauma is often elicited, but this may be either a 
coincidence or a predisposing factor. As the joint is deep-seated, local 
manifestations of an acute inflammatory process are not apparent as 
early as in the more superficial joints. Swelling and fluctuation are often 
not detected for several days, while redness of the skin and local heat 
may not be present. There is tenderness on palpation over the joint, 
which can often be accentuated by pressure over the trochanter, as 
osteomyelitis of the neck of the femur is often associated. In the early 
stage the hip is held in flexion, which is frequently associated with abduc- 
tion and external rotation. Early dislocation from distention of the 
capsule is usually first detected by the X-ray. The subacute stage is 
prolonged when there is extensive invasion of bone with destruction. 
Draining sinuses from retained sequestra are more frequently present on 
account of the osteomyelitis. In the residual stage, after bony destruc- 
tion occurs, severe, fixed and grotesque deformities may be observed. 
The hip may be completely ankylosed. 
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ACUTE TRANSIENT EPIPHYSITIS 


Miller (2) described a condition, which he terms acute transient epi- 
physitis, and which he claims is often overlooked or misdiagnosed. The 
highest incidence occurs in children under 10 years of age. It attacks 
vigorous and active children. The symptoms localize promptly in 
the hip-joint and there is sharp muscle spasm, flexion deformity and 
guarding of the area. Some fulness in the structures about the joint 
occurs, depending upon the extent and virulence of infection and on the 
amount of exudate in the joint. In a study of 77 cases the average dura- 
tion of symptoms before admission to the hospital was seven weeks. The 
average temperature on admission was slightly over 100° and elevation 
of temperature was noticed for five weeks, while the average leucocyte 
count was 15,000, with 81 per cent polymorphonuclears. The average 
duration of any symptoms, local or general, after admission to the hospi- 
tal was six weeks. Both hips were involved in three cases. It occurs 
twice as often in males as females. A definite focus of infection was 
found in every case and the chief source of infection was the tonsil. 
Early remission of the symptoms followed tonsillectomy in 82 per cent 
of the cases. The X-ray is not altogether diagnostic. It may show a 


localized abscess or absorption along the epiphyseal line. The abscess 
may cause absorption down into the neck of the femur or may form on 
the epiphyseal side and burrow toward the joint. The treatment is 
rest in bed, traction and removal of infectious foci. The average trac- 
tion was five weeks. Weight-bearing was soon resumed. A hip requir- 
ing drainage should not be classified as transient epiphysitis. 


DIAGNOSIS 


In the differential diagnosis of these conditions, the most difficult is 
in differentiating tuberculosis of the hip and infectious arthritis, especially 
in the subacute stage. The history of the acute onset in infectious 
arthritis, the absence of demonstrable tuberculosis elsewhere in the 
body, negative skin tests, all aid in the diagnosis. In hip-joint affection, 
beginning with pain, increased temperature and increased leucocyte 
count, the hip-joint should be aspirated and the fluid cultured in an 
attempt to demonstrate pyogenic infection. Coxa plana occurs during 
the middle years of childhood, between the ages of five and ten, while 
tuberculosis occurs usually between three and five years of age. In coxa 
plana the motion is limited chiefly in two directions, abduction and 
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internal rotation, while in tuberculosis the motion is limited in all direc- 
tions. Muscle spasm in coxa plana is mild and in tuberculosis severe. 
The X-ray demonstrates characteristic changes which are quite different 
from those of tuberculosis. 

In coxa vera symptoms are almost identical with those of coxa plana, 
except that the hip is frequently rotated outward. Coxa vera is nearly 
always observed in the neuter type of individual. The X-ray demon- 
strates typical epiphyseal separation, which confirms the diagnosis. 

Psoas abscess may frequently be confused with tuberculosis, but here 
the range of motion is limited chiefly in extension. There is often a 
mass palpable above Poupart’s ligament and there is usually evidence 
of a lesion of the spinal column. 


TREATMENT 


The treatment of tuberculosis of the hip is pretty well standardized 
and will be dealt with briefly. Aside from general hygienic measures the 
treatment resolves itself mainly into the use of heliotherapy and extension 
of the affected leg. The plaster cast has been abandoned now. Rollier 
(3) reports a fair percentage in which a return of function is accomplished 


by heliotherapy, and in these cases of hip disease, cured by heliotherapy 
with recovered movement, there was much less tendency to relapse than 
when cured with ankylosis. In the presence of a cold abscess, contrary 
to generally accepted practice, Rollier does not aspirate as long as the 
abscess does not threaten to open spontaneously. Aspiration is carried 
out at a distance and is repeated if necessary to prevent spontaneous 
opening, for the complication of mixed infection reverses the favorable 
prognosis of closed hip disease. He does not allow his cases of hip disease 
up until X-ray examination, confirming clinical findings, has demon- 
strated complete sclerosis of the lesions. 

The treatment of acute infectious arthritis, when seen in the beginning, 
with high temperature, increased leucocyte count, pain and swelling over 
the hip-joint, is to aspirate the joint. If a pyogenic infection is found 
the hip should be drained. Extension alone may be sufficient in a very 
mild case. In the acute stage, if dislocation is present it should be 
reduced as soon as discovered, and can usually be done at the same time 
that drainage is made. In the subacute stage, deformity, when present, 
may be corrected by traction. When ankylosis is impending the limb 
is placed in an apparatus which maintains the most serviceable position 
until fusion is solid and there is no tendency to recurrence of the 


deformity. 
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In coxa plana eradication of all foci of infection should be done on 
general principles. Extension is advisable when the process is acute, 
and should be continued until the symptoms abate and the deformity is 
corrected. Deformity may also be corrected by a plaster cast, but in the 
more exaggerated type, in which gross deformity with impairment of 
function has occured, operative measures are indicated. 

In coxa vera if there is endocrine disturbance the administration of 
glandular products is advisable. In most cases manual reduction may 
be accomplished under anaesthesia by forcible abduction and internal 
rotation, followed by a plaster cast. In those cases in which manual 
reduction is not possible, operative measures are indicated. 

The treatment of acute transient epiphysitis has already been outlined. 


Case 1: E. H., age 12, white, male, admitted December 8, 1930, born in Ne- 
braska and lived there until September, 1930. Present Illness (taken from 
nurse who came with patient): A few days after coming to Colorado from 
somewhere in Nebraska he began to limp due to pain in left hip. On Sep- 
tember 9, 1930, he entered Deaconess Hospital at Yuma, Colorado. At that 
time he had swelling in left groin and in lumbar region of back. Diagnosed as 
tuberculous abscesses, and opened and drained. Soon after this, thigh began 
to swell and left leg became stiff and painful, so that child cried most of the 
time. In November, 1930, abscess in groin was opened again. About middle 
of November patient had several pulmonary hemorrhages (2 to 3 0z.). Past 
History: Broke right arm two years ago. Never strong and could never play 
with children, due to heart trouble. Physical Examination: Nose and sinuses 
normal. Tonsils infected. Small undernourished boy. Very thin, and skin 
has anaemic and bluish look. Heart markedly enlarged, with loud blowing 
systolic murmur at apex, transmitted toward axilla. Abdomen has large mass 
filling most of the left lower quadrant. Over this is draining incision and 
healed scar. The whole area is extremely tender and painful to theleast pres- 
sure. Left leg flexed and abducted at hip and held constantly in this position. 
Unable to extend leg an inch without pain. Laboratory Tests: Intracutaneous 
tuberculin, December 12, 1930, 0.01 mgm., negative; December 15, 1930, 0.1 
mgm., negative; December 29, 1930, 1.0 mgm., negative. Urine negative. 
Blood: Red cells, 3,850,000, leucocytes, 9,500; haemoglobin, 58 per cent; poly- 
morphonuclears, 68; small lymphocytes, 22, and large lymphocytes 6 per cent. 
Temperature 98-100.4°; pulse 90-132; respiration 20-22; Blood-pressure 
136/84. Sputum,none. X-ray Plate: F emur in extreme abduction. The out- 
line of the capital epiphysis is still distinct, and the epiphysis itself retains its 
bony architecture, but shows so called atrophy of disuse (calcium absorption). 
The head of the bone is below the level of the lower border of the acetabulum, 
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in partial dislocation. The acetabulum does not show destruction, and shows 
little or no bone production. There is some periostitis along the shaft, the 
periosteum being elevated and calcified. This is looked upon as septic arthri- 
tis, mainly a synovitis, and probably there has been sufficient distention by 
fluid to relax the ligaments and allow the dislocation. 


Case 2: L. D., age 20, single, white, female. Present Illness: In May 1928, 
patient was sitting in a chair-swing, when she was seized with a severe pain in 
the right hip and thigh. This came on at irregular intervals and prevented her 
walking and took away her appetite. The pain was fairly constant for six 
months to a year and then came at intervals of from a day toamonth. It was 
worse in right thigh but also quite bad in right hip and at times went down to 
knee. Also pain in left knee at times. In July, 1930, patient went to La 
Grange Hospital and had tonsils removed under local anaesthetic. Following 
this she was put in plaster cast while under ether anaesthetic. Cast was left 
on three weeks with no results. Has never had any haemoptysis, cough, 
sputum, diarrhoea, indigestion or urinary trouble. Appetite is poor. Is 
usually constipated and is especially so when pain in hip is bad. Had fever 
when her pain was worst. Past History: Had occasional sore throat, but 
otherwise has always been well. Menstruation began at seventeen; irregular, 
3 to 6 months between periods, until five months ago, when it became regular. 
Hip has become worse since periods became regular. Family History: Father, 
living and well, age 56; mother in menopause, 54; one brother has pain in 
hip like hers, except that it moves around, age 30; 6 brothers living and well, 
ages 13 to 31; 2 sisters living and well, 17 and 11; no tuberculosis in family. 
Laboratory Tests: November 13, 1930, intracutaneous tuberculin test, 0.01 
mgm., negative; November 15, 1930, 0.1 mgm., negative; November 18, 1930, 
1.0 mgm., slightly positive. April 1, 1931: Temperature 98°-99°; pulse 84— 
112; respiration 20-22; blood-pressure 122/80; sputum, none. Physical 
examination of chest negative. Urine, slight trace of albumen, otherwise 
negative. Blood: Red cells 4,150,000; leucocytes 6,170; haemoglobin 78 per 
cent; polymorphonuclears 65; small lymphocytes 22.5; large lymphocytes 7; 
eosinophiles 1 per cent. Blood sedimentation: height of red cells in mm.: 
1 hour, 0.881; 2 hours, 0.750; 3 hours, 0.540. X-Ray: Heart normal. Some 
nodular mottling along bronchi, extending to apex (both right and left). No 
definite parenchymal mottling. Head and neck negative. No enlargement 
of thyroid. Heart normal in size and location, abdomen negative. Right 
leg held in flexion and produces pain in hip when moved. Can extend leg 
with effort. Pelvis tilted toward right, making spine appear bent. Left leg 
normal. X-Ray of Hip-Joint: Cartilage destruction, as shown by close appli- 
cation of head toacetabulum. Outline of head still distinct. Posterior edge of 
acetabulum roughened (showing through head of bone). Indication of bony 
reaction in acetabulum to that extent,—marginal destruction and production. 
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This is characteristic low-grade, long-standing, infectious arthritis, and has 
little to suggest tuberculosis. 


Case 3: T. H., age 17, single, white, student, male, admitted December 18, 
1927. Present Illness: Two years ago rode bicycle six miles; next day could 
not use legs well. Remained in bed 7 weeks, with pain in hips and high fever. 
Pain became localized in left hip. Went to hospital (5 weeks) and was told 
he had rheumatism. Went home and was able to work during ensuing spring 
and summer (1926). Went to school following winter and feit well except for 
stiffness in hip after walking. Worked on farm during summer of 1927. At- 
tended school until Thanksgiving, when pain in hip caused him to go to hospi- 
tal. He was told then he had tuberculosis of hip and was put in plaster cast. 
Past History: Measles in childhood, pneumonia at 13, tonsillectomy June, 
1926. Family History: Father living and well; mother living and well; 4 
brothers living and well; 1 brother died of infantile paralysis; 4 sisters living 
and well. Laboratory Tests: June 26, 1929: Temperature 97.8°-99°; pulse 
70-90; respirations 16-18; blood-pressure 118/70; weight 161; sputum, none; 
urine negative. Blood: Red cells 4,640,000; leucocytes 14,400; haemoglobin 
63 per cent; polymorphonuclears 57; small lymphocytes 21; large lymphocytes 
17 per cent. Wassermann negative. Physical Examination: Heart presys- 
tolic murmur at apex, possible friction rub over precordium. X-Ray: Chest: 
May 21, 1929: Right lung, bronchial markings in upper lobe slightly increased. 
Left lung, some mottling along bronchi in upper lobe with few fibrous and 
calcified lymph nodes along bronchi. Sinuses: Slight density of both eth- 
moids, others negative. Hip-Joint: There has been destruction of the head, 
progressive from periphery toward the epiphysis. The outline of the head is 
irregular and shows condensation. The acetabulum on one of the plates 
shows bony production (exostosis) at its upper margin. One of these plates 
is taken in such a way as to show best the dislocation outward of the head; the 
other one of the earlier plates, taken on the same day, shows the head in a 
more nearly normal position. This is indicative of a relaxed joint. The 
dislocation from relaxation and the direction of the progress of destruction in 
the head, along with the bony production at the edge of the acetabulum, 
strongly point to an infectious arthritis other than tuberculous. The plate 
taken on November 3, 1928, shows apparent bony ankylosis, but probably not 
complete. The plates on April 24, 1929, seem to show continuous bony 
architecture between the head of the femur and the ilium,—complete bony 
ankylosis. Discharged from hospital August 21, 1929. No symptoms, April 
14, 1931. 
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HAEMOPTYSIS IN PULMONARY TUBERCULOSIS 
Notes on 1,000 Consecutive Patients!? 


A. R. MASTEN 


To the patient or his friends the most terrifying symptom of tubercu- 
losis is haemoptysis. This symptom occurs in tuberculosis much more 
frequently than in any other disease. Haemoptysis occurring in a 
presumably healthy person means tuberculosis in 95.8 per cent of the 
cases, according to Stricker’s table as given in Cabot’s Differential 
Diagnosis. According to Cabot’s own figures taken from the Massa- 
chusetts General Hospital (where known cases of tuberculosis are not 
admitted) 50 per cent of the cases of haemoptysis were, nevertheless, due 
to tuberculosis. From his own studies Cabot came to the conclusion 
that, although there are many possible causes of haemoptysis, the causes 
of genuinely obscure haemoptysis, in temperate climates, may be reduced 
to one,—that is, pulmonary tuberculosis. 

The frequency of haemoptysis in known cases of tuberculosis varies. 
Some authors give it as low as 20 per cent, while others put it as high as 
80 per cent. Lawrason Brown concludes that probably one-half of the 
patients with pulmonary tuberculosis have haemoptysis at some stage 
of their disease. At the Phipps Institute in Philadelphia 49.9 per cent 
of their tuberculosis patients were found to have had haemoptysis at 
some time. One cause of the great difference in percentages recorded by 
the different authors is probably due to differences as to what they classify 
as haemoptysis. Was it merely a little blood-streaked sputum or a 
frank haemorrhage of half an ounce or more? In a study of one thou- 
sand consecutive patients entering the Lutheran Sanitarium we classi- 
fied them as having haemoptysis only when they coughed up a quarter 
of an ounce or more of blood. This was thought necessary because in 
many cases coming under our observation it was found that the patient 
frequently has blood-streaked sputum which comes from the nose or 
nasal pharynx, and he is prone to attribute this to haemorrhage from his 


} From the Lutheran Sanitarium, Wheat Ridge, Colorado. 
2 Read at a meeting of the Denver Sanatorium Association, Denver, Colorado, May 26 


1931. 
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lungs. In our thousand cases 29.6 per cent gave a history of haemopty- 
sis when they entered the sanatorium and 4.2 per cent of the others had 
haemorrhage during their stay in the sanatorium, thus making a total of 
33.8 per cent who had haemorrhage before they died or were discharged. 
Of our patients 9.1 per cent had haemoptysis both prior to and during 
their stay in the sanatorium. 

There are several causes given for pulmonary seme in tuber- 
culosis. One of the most frequent causes of small amounts of bleeding, 
especially blood-streaked sputum, is diapedesis resulting from an in- 
creased permeability of the vessel walls. Pottenger thinks this is 
brought on by sudden changes in the weather, the presence of acute 
respiratory infections, and during the menstrual cycle, that is, by occur- 
rences which tend to produce tissue congestion (1). The effects of 
sudden changes in weather are also given by many authors as being the 
inciting cause of larger haemorrhages, which of course are caused by 
rupture of the larger vessels because of softening and ulceration of tuber- 
culous areas or rupture into a cavity (2) (3) (4). However, the most 
important cause, according to Riviere, is a local spread of the disease, 
brought on by any cause, such as overexertion, increased toxaemia from 
secondary infection, focal reactions caused by excessive amounts of 
tuberculin, certain drugs (such as arsenic, iodides, creosote, etc.), or 
anything which lowers the patient’s resistance (5). This conclusion was 
also reached by investigators at the Belfest Municipal Sanatorium while 
studying the significance of systemic blood-pressure in haemoptysis due 
to pulmonary tuberculosis. They decided that haemoptysis may be 
regarded as evidence of heightened activity of the tuberculous lesions 
(6). Mills maintains, however, that in haemorrhage occurring as a 
feature of such diseases as typhoid fever and tuberculosis, there is 
usually a disturbance in the blood causing an excessive production of 
antithrombin, which, of course, prevents clotting. He maintains that 
this is an important factor even when there is severe ulceration. Large 
haemorrhages, he says, always lead to the production of excessive 
amounts of antithrombin no matter what the original cause of the haem- 
orrhage was (7). 

High altitude has been said to have various effects upon haemoptysis. 
Formerly it was thought that high altitudes increased the tendency to 
haemoptysis, but this idea has long since been discarded. Most authors 
now agree that altitude does not increase the incidence of haemorrhage 
but rather lowers it, although when haemorrhages do occur at the higher 


ii 
. 

j 


44 A. R. MASTEN 


altitudes they are more serious than at the lower altitudes (8) (9) (10). 
This conclusion is strengthened by observations at other places, which 
show that the greatest number of haemorrhages occur on days when the 
barometric pressure is high (2) (3). In our thousand cases 13.3 per cent 
had haemoptysis at the sanatorium (5000 ft.), while 20.5 per cent gave a 
history of having haemoptysis at lower altitudes. There were 4.2 per 
cent who had haemoptysis at this altitude only. These figures agree 
with the last conclusions mentioned above, to wit: that haemorrhages 
are less frequent at moderately high altitudes. 

Fishberg says that more male than female patients have haemoptysis. 
This was verified in our cases, since 36 per cent of the male and only 30 
per cent of the female patients had haemoptysis. 

In regard to the frequency of initial haemorrhage we found that among 
our patients 8.4 per cent gave a history of haemorrhage being the first 
symptom of tuberculosis which they had. However, these cases with 
initial haemorrhage constituted 24.8 per cent of our haemorrhage cases, 
practically all of them having haemoptysis at later dates also. 

The treatment of haemoptysis is often quite unsatisfactory, since 
there is no efficient remedy for the condition. As Lawrason Brown 
says, “Small hemorrhages usually stop of themselves without treatment, 
and often in spite of what has been done, while large hemorrhages will 
continue until nature arrests them or the patient dies.” There are, 
however, several measures which seem to help considerably in assisting 
nature to arrest the bleeding. First, as all text-books tell us, there are 
the usual measures such as absolute rest in bed, preferably in a semire- 
cumbent position, together with mental rest as secured by calm reassur- 
ances of the physician and the administration of sedatives, icebag, etc. 
Although some authors warn against the routine use of the stronger 
sedatives, such as codeine and morphine, we find them extremely useful 
in allaying the patients cough and apprehension and use the former as a 
routine measure. Calcium lactate is frequently given, although it is 
said to act merely as a placebo unless large doses (90 gr. or more a day) 
are given. The use of the vasodilators (amy] nitrite, nitroglycerine, etc.) 
and the vasoconstrictors (ergot, adrenalin, pituitrin) have not proved 
very helpful, and most authorities seem to agree that they cause more de- 
leterious than good effects. The use of the tissue extracts, such as 
hemoplastin and thromboplastin, have not proved very satisfactory in 
our experience. As Riviere says, the useful action, if any, of these sub- 
stances is hard to demonstrate. For the past year we have been using 
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the intravenous injection of 10 cc. of a 10 per cent sterile solution of 
sodium chloride with apparently good results. The rationale of this 
treatment rests upon the assumption of Mills that there is a lessened 
coagulability of the blood due to an excessive production of antithrom- 
bin. The injection of a hypertonic salt solution causes a flow of the 
tissue fluids into the blood, and brings with this an increased supply of 
thrombokinase, which neutralizes the antithrombin and in the presence 
of the normal blood-calcium converts the prothrombin into thrombin, 
which in turn acts on the blood-fibrinogen, forming fibrin and a resulting 
clot. Experiments have shown that increased coagulability of the blood 
takes place almost at once when salt solution is given intravenously and 
within ten to fifteen minutes when salt is given by mouth. The use of 
sodium bromide is said to accomplish the same result along with its 
sedative action. In passing, it may be of interest to note that intrave- 
nous salt solution is also useful in postoperative haemorrhage. One of 
our patients continued to bleed excessively following the removal of 
some nasal polypi, even after all the usual methods of treatment had 
been tried, including application of ice, adrenalin, and adrenalin and 
thromboplastin locally, thromboplastin subctaneously, and packing of 
the nasal passages. Finally, when the patient was beginning to become 
quite weak and pale, 10 cc. of 10 per cent salt solution was given intra- 
venously and the haemorrhage ceased almost at once. Salt solution has 
worked with the same gratifying results in all the cases of haemoptysis 
we have had during the past year. We have not tried it on a great 
number, however, because in the majority of instances the bleeding 
stopped before we had time to give the treatment. 

According to Mills one of the most certain means of arresting haemor- 
rhage of whatever kind is with a blood transfusion. We have found 
this to be an effective method of treating naemoptysis in the few cases 
in which we have tried it. Since it was deemed inadvisable to give a 
large transfusion because of the resulting increase in blood-volume, we 
gave small transfusions of around 50 cc. of blood, using the citrate 
method. In the four instances in which we used this method the bleed- 
ing not only stopped, but the patient never had another haemorrhage 
while under our observation. These four patients all gave a history of 
having had haemoptysis when they entered the sanatorium and all had 
several haemorrhages while under our observation. In the first case the 
patient had continued having haemorrhages of from one to ten ounces 
every day or so for seventeen days previous to the transfusion. We had 
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tried everything we could think of (we had not started using intravenous 
salt solution at this time), including artificial pneumothorax, without 
result. However, following a transfusion of 40 cc. of blood the haemor- 
rhage ceased and the patient never had another haemorrhage. 

The next two cases were similar to the first and transfusion gave the 
same good results. Unfortunately, the activity of the tuberculosis was 
not lessened and all of these patients died before leaving the sanatorium. 
Death occurred in the first after two months, in the second case in six 
days, and in the third instance after four months. The fourth patient 
had been a strict bed-patient for over a year because of continued haemor- 
rhages and blood-streaked sputum which continued in spite of treatment. 
Finally he was given 50 cc. of citrated blood and, after a week during 
which he had slight amounts of blood in his sputum, he ceased bleeding 
entirely and has never had another haemorrhage, although it is now over 
two years since he had his transfusion. At present he is up and on 
exercise, and seems to be doing fairly well even though he has extensive 
involvement of both lungs. The use of small transfusions is easy, since 
all the apparatus necessary is a 50-cc. syringe and a couple of sterile 
needles. The method we use is to place 7 cc. of 2 per cent sodium-citrate 
solution in a 50-cc. syringe, and then draw up the blood from the donor 
directly into the citrate solution. When the syringe is full, up to the 
50-cc. mark, the needle is withdrawn from the donor, and the solution 
shaken up a bit to mix it thoroughly, after which the used needle is re- 
placed by a sterile one, and the citrated blood given to the recipient. 
The whole procedure can be finished in a very short time without the 
necessity of any cumbersome appliances. The only drawback is the 
finding of suitable donors. It is this lack of suitable donors which has 
kept us from giving many transfusions. 

Many authors claim that artificial pneumothorax is the best means 
of controlling haemoptysis; however, in our experience it has been of 
little benefit, because conditions prevent its use in most cases. During 
the last three years we have had only one case of severe haemorrhage in 
which it was possible to use pneumothorax satisfactorily. 

The prognostic significance of haemoptysis is also a thing of dispute. 
Fishberg states that so long as the haemorrhage does not prove fatal 
immediately, and this is rare, it has no effect on the patient or on the 
disease. Bonney says that although it is said that haemorrhage cases 
as a class do better than nonhaemorrhage cases, he can see no difference 
in the two classes. Mills is not sure but that haemorrhages exist for a 
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definite beneficial purpose behind the apparently devitalizing process. 
He thinks that perhaps there was some basis for the old-time practice of 
bleeding as a treatment for disease. ‘That this may be so is indicated by 
some recent investigations. Rollo (11) found that the systematic with- 
drawal of blood from rabbits with fractures caused increased activity of 
the repair process as compared with the process in his control rabbits. 
The beneficial results of blood-letting has also been shown by the recent 
study, made at the Jefferson Medical College Hospital in Philadelphia, 
on the effect in donors of repeated blood loss. The report states that 
many donors noted improvement in general health. Acne and constipa- 
tion were favorably influenced. There was an increase in weight in the 
majority, and many noted a greater ease in performing their routine 
duties (12). From our sanatorium records haemoptysis has proved 
harmful rather than beneficial. In the thousand cases studied the 
death-rate in the sanatorium was 18.2 per cent, the death-rate in the 
nonhaemorrhage cases being 16.2 per cent while that in the haemorrhage 
cases was 29.3 per cent. It was found that the death-rate among those 
patients who gave a history of haemorrhage but who had no haemor- 
rhage while under our observation was only 15.6 per cent (even lower 
than for the nonhaemorrhage class), while the patients who had haemor- 
rhage both in their history and while under our observation had a death- 
rate of 31.8 per cent (over twice as high). This apparently shows that 
haemorrhages here are more serious than those occurring at other places, 
or else that a good many of the haemorrhages recorded in the histories 
were not true haemorrhages. In our patients haemorrhages were found 
to be more serious in males than in females, there being a death-rate of 
27 per cent for the males who had haemorrhage and only 12.9 per cent 
for the females. From our experience therefore we are forced to conclude 
that, although haemoptysis is rarely immediately fatal (2.3 per cent of 
our haemorrhage cases), it is a most serious symptom and greatly dimin- 
ishes the patients chances of recovery. This is in agreement with 
Lawrason Brown, who states that we must therefore come to the con- 
clusion that haemoptysis, while rarely immediately fatal, is often a 
serious symptom and one which is accompanied by many unpleasant and 
dangerous possibilities (13). 


REFERENCES 


(1) Porrencer, F. M.: Increased permeability of vessel walls as a frequent cause of pul- 
monary hemorrhage, Am. J. M. Sc., 1925, clxx, 420. \ 
(2) BocEn, E.: Pulmonary hemorrhages, Calif. & Western Med., 1930, xxxiii, 473. 


48 A. R. MASTEN 


(3) ANDREONI, G.: Onset of hemoptysis due to climatic factors, Minerva Medica, 1930, x, 
263. 
(4) Szarvas, A., AND Paty, I.: Increased incidence of pulmonary hemorrhages under the 
influence of meteorological factors, Orvosihetilap, 1927, Ixxi, 9. 
(5) RrvrerE, C.: The treatment of hemoptysis in pulmonary tuberculosis, Tubercle, 1928, 
ix, 509. 
(6) Waker, P. S.: The relationship and significance of systemic blood-pressure in hemop- 
tysis due to pulmonary tuberculosis, Ibid., 1924, v, 201. 
(7) Mitts, E. A.: Hemorrhages, their significance and methods of treatment, Am. J. M. 
Sc., 1926, clxxii, 71. 
(8) Bonney, S. G.: Pulmonary tuberculosis and its complications, W. B. Saunders, 1910, 
pp. 175-182. 
(9) FisHBERG, M.: Pulmonary tuberculosis, Lea & Febiger, 1922, p. 719. 
(10) LansEt, P.: Pulmonary hemorrhage at high altitude, Beitr. z. Klin. d. Tuberk., 1927, 
lxvi, 784. 
(11) Roxio, A.: Influence of blood withdrawals on the healing of fractures, La riforma 
medica, 1929, xlv, 1345. 
(12) Jones, W. E., et al.: Blood donors, Jour. Am. Med. Ass., 1931, xcvi, 1297, 
(13) Brown, L.: Pulmonary tuberculosis, Tice’s Practice of Medicine, W. F. Prior Co., 1927. 


~ 
~ 


TUBERCULOSIS AND TOXIC GOITRE!” 


LORENZ W. FRANK 


Patients suffering from toxic goitre sometimes present symptoms that 
are similar to the symptoms produced by active tuberculosis, and occa- 
sionally such a goitre patient is sent to and treated for a longer or shorter 
time in a tuberculosis sanatorium. If these patients are studied care- 
fully and their symptoms properly evaluated, there should be little 
danger of confusing the two diseases. 

Fever is not a prominent symptom of toxic goitre, though there may 
be febrile periods due perhaps to some accompanying infection, or in 
the crisis of exophthalmic goitre. Fever is always present in active 
tuberculosis. 

The appetite in toxic goitre is erratic or ravenous while in tuberculosis 
there is anorexia or the appetite may be normal. General weakness is 
present in both, but in toxic goitre it is especially pronounced in the quad- 
riceps group of muscles. Loss of weight may be present in both. Nerv- 
ousness and emotionalism are symptoms of both diseases but are usually 
much more marked in toxic goitre, fine tremor of the fingers and vaso- 
motor instability being cardinal symptoms of toxic goitre. According 
to Roberts (1) an extremely valuable clinical sign in goitre is Rosenbach’s 
sign, which is coarse tremor of the upper eyelids with the eyes shut. 

Both diseases are characterized by a rapid pulse, but there are marked 
clinical differences ii carefully observed. In tuberculosis the pulse is 
weak and rapid and in most instances, though not always, the rate is re- 
duced by rest. This is not the case in toxic goitre; here the heart’s 
action is tumultuous or exhilarated and only rarely is the pulse-rate 
reduced by rest. The throbbing carotids of goitre are practically never 
seen in tuberculosis unless there is some complication. In tuberculosis 
the blood-pressure is usually low; in toxic adenoma the systolic blood- 
pressure is raised; in exophthalmic goitre the systolic blood-pressure is 
normal or only slightly elevated but the diastolic pressure is low due to 
dilated and relaxed vascular bed. 


1 From the Lutheran Sanitarium, Wheat Ridge, Colorado. 
* Read at a regular meeting of the Denver Sanatorium Association, Denver, Colorado, 
May 26, 1931. 
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Myocarditis with auricular fibrillation frequently results when the 
toxicity of goitre is long continued, and the so called goitre heart is be- 
coming a clinical entity. 

The basal metabolic rate is of inestimable value in the differential 
diagnosis of mild cases of toxic goitre, tuberculosis and the various 
functional nervous disorders, if the estimation is made under basal con- 
ditions. According to Jackson (2) the average basal metabolic rate in 
exophthalmic goitre is plus 54 per cent, and in adenoma with hyper- 
thyroidism plus 38 per cent. Safarik and I (3) have shown that in toxic 
cases of pulmonary tuberculosis the average B.M.R. is plus 4 per cent 
and in nontoxic cases minus 4.7 per cent. 

The coexistence of toxic forms of goitre and active pulmonary tuber- 
culosis is rare, as has been pointed out many times before. Toxic goitre 
in patients with inactive tuberculosis is not uncommon, nor is it un- 
common to find nontoxic forms of goitre in patients with active tubercu- 
losis, but to find exophthalmic goitre or toxic adenoma in a patient, who 
has tubercle bacilli in the sputum, rales in the lungs, with cough, expec- 
toration and fever, is very rare indeed. 

Mild grades of hyperthyroidism with or without enlargement of the 
thyroid gland are often found, particularly in young girls, who have 
active pulmonary tuberculosis, but these symptoms are not severe and 
usually subside with rest and general sanatorium regimen. 

The following classification of goitre, presented to the American Asso- 
ciation for the Study of Goiter, by a committee of which Dr. S. D. Van 
Meter (4) is chairman, seems to me to be a clear-cut presentation of what 
is meant clinically by toxic goitre and the various nontoxic forms. 


The Most Common Clinical Varieties of Goitre* 
Type I 
Nontoxic diffuse gottre 


a. Congenital goitre (Varieties representing the large majority of inactive 
b. Goitre of childhood (?) colloid goitres of the early decades of life.) 
c. Goitre of adolescence 

d. Goitre of pregnancy 


Type IT 
Toxic diffuse goitre 


. Toxic hyperplastic goitre (Exophthalmic goitre, Parry’s Disease, Grave’s 
disease, or primary Basedow’s disease) 
. Atypical varieties (Probably variations of a.) 


a 
b 
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Type III 
Nontoxic nodular goitre 


a. Nodular goitre without symptoms, other than hypofunction. (Frequently 
designated as nontoxic adenmatous goitre, foetal or adult.) 


Type IV 
Toxic nodular gottre 


a. Nodular goitre with toxic symptoms, the result of perversion of secretion and 
degenerative changes of component tissue. (Frequently designated as a 
toxic adenomatous goitre.) 

b. Nodular goitre with toxic symptoms, in which there is an associated histo- 
pathology of toxic hyperplastic goitre. (Secondary Basedow’s, ade- 
nomatous goitre with hyperthyroidism.) 

c. Nodular goitre with toxic symptoms due to a combination of @ and 6. 
(Mixed type.) 


*Malignant tumor may occur in any of these types and should then be 
classified as a malignant goitre of the particular type in which the tumor has 
developed. Deafmutism, cretinism and kindred conditions are sequelae and 
not types or varieties of goitre. 

Neoplasms of the thyroid, benign or malignant, inflammatory conditions and 
tumors, the result of known infections and causes other than the goitre noxa, are 
not goitre. 


Case Report 


Miss E. G., 28, typist, came to Colorado from Detroit, Michigan, October 17, 
1929. Present Illness: Began coughing in October, 1928. This continued as 
an unproductive cough until June, 1929, when patient began to raise some 
sputum. At this time she began losing weight and had pain in both sides of 
chest. In August, 1929, she had night-sweats, and at this time there was 
complete aphonia. A diagnosis of pulmonary tuberculosis was made at this 
time. She stopped working on September 28, 1929, and arrived in Denver 
October 17, 1929. At this time she felt weak and expectorated about one 
ounce of mucopurulent sputum daily. No haemoptysis, or digestive or uri- 
nary symptoms. Past History: At two years of age had a severe attack of 
pneumonia. Aside from this has always been well except for frequent colds 
and sore throats. Began menstruating at 14 years; regular and normal. 
Family History: Father, dead, 63, carcinoma, of stomach. Mother, dead, 35, 
childbirth. Four brothers living and healthy. One brother died in infancy. 
One sister, living, has chronic bronchitis. One step-sister and two step- 
brothers had a cough which was thought to be due to tuberculosis. Physical 
Examination: Weight 100 pounds. Height five feet. Eyes brown, equal, 


51 


52 LORENZ W. FRANK 


react. Skin pale. Left lobe of thyroid enlarged. Some fine tremor of fingers. 
Teeth fair. Heart normal in size. Systolic murmur at apex. Pulse 104. 
Blood-pressure 100/80. Lungs: Infiltration with moist rales, upper half of 
left lung. Bronchial breathing and whispered resonance plus in a small area 
in the infraclavicular space. Bronchovesicular breathing at right apex. 
Abdomen normal. Knee-jerks normal. Ear, Nose and Throat Examination: 
Nasal septum thickened. Pharynx and larynx anaemic. Tonsillar pillars 
injected. Urine acid, specific gravity 1.028, albumen, sugar and acetone 
negative; many calcium oxalate crystals, many epithelial cells, occasional 
TEMPERATURE, PULSE AND RESPIRATION RECORD—FOUR HOURLY ° 


Room No. Name....4188 E.G, Nurse Month of 
USE VIOLET INK FOR TEMPERATURE, RED INK FOR PULSE. AND BLACK INK FOR RESPIRATION 


30 2 3 4 5 6 Z 8 9 10 il 
Sunday | Monday | Tuesday | W'nsday | Thursday! Friday | Saturday] Sunday | Monday | Tuesday | W'nsday |Thursday| Friday | Saterday 


OPER, 


fecation 


CHarrT 1 


leucocyte, and bacteria present. Sputum mucopurulent; 5 to 45 tubercle 
bacilli per field. Blood: Red cells 6,580,000; leucocytes 6,200; haemoglobin 
64 per cent; polymorphonuclears 74, small lymphocytes 10, large lymphocytes 
13, eosinophiles 1, transitionals 1 per cent, basophiles 1 per cent; coagulation 
time three minutes. Blood Wassermann negative. B. M.R. plus 29 per cent 
(November 5, 1929). X-Rays: Heart drawn to left. Diaphragmatic adhe- 
sions on left. Bony framework normal. Right Lung: There is fine mottling 
along bronchi throughout this side, with an area of parenchymal involvement in 
the apex. Left Lung: The upper half is opaque, with areas showing through 
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the first and second interspaces that appear to be cavity-formation. There is 
extensive parenchymal mottling below this. The lower lobe and costophrenic 
angle are clear. 

Artificial pneumothorax instituted on the left side on December 16, 1929. 
On account of adhesions only a small amount of air could be injected and this 
form of treatment was discontinued March 12, 1930. After observing this 
patient for a year, during which time strict bed-rest had been carried out, the 
symptoms of the hyperthyroidism became more pronounced; so it was decided 


TEMPERATURE, PULSE AND RESPIRATION RECORD—FOUR HOURLY iain 
eet No. 
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150 | 107 


140 | 106 


130 | 105 


Urine, Amt 


| Defecation 


CHART 2 


to perform a thyroidectomy, even though the tuberculosis had not improved. 
There had been, however, a gain of nine pounds. B.M.R. plus 29 per cent 
(October 2, 1930). 

October 3, 1930: Thyroidectomy by Dr. S. D. Van Meter. A large cystic 
mass was resected from the left lobe and a few small nodules excised from the 
right lobe. Local anaesthesia employed. There was a sharp reaction, temper- 
ature 104°F., pulse 140, which gradually subsided during a period of two weeks. 
Lugol’s solution had been given before and after the operation with very 
little apparent effect. The accompanying charts show the temperature and 
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pulse-rate before and after operation. The highest blood-pressure was recorded 
in May, 1930, when it was 138 and 78. At present it is 120 and 68. B.M.R. 
plus 5 per cent on December 2,1930. The present weight is 114.5 pounds. The 
general condition is good and the patient at this time feels much better than 
she did a year ago. Thoracoplasty has been considered, though on account 
of a progressive lesion at the right apex this form of treatment is being held in 
reserve. Pathological examination proved the resected gland to be a foetal 
adenoma, of the type described by Hertzler (5) as follows: 


The gross appearance presents an ovoid mass, thoroughly encapsulated, which permits of 
easy separation from the surrounding gland tissue. On section the gland is deep red and 


Fic. 1. This illustration demonstrates the very early or primitive type of cellular arrange- 
ments. There are many vesicle strands and very small rings of cells, which are the primitive 
alveoli, with absence of coiloid, all lying in a thin homogeneous stroma. 


finely punctiform. In rapidly growing types colloidal areas may be detected and in old re- 
gressive areas serous or hemorrhagic cysts may be formed. 

The structure is that of an adenoma, being made up of closely packed glands formed of 
small cells. The colloid content is very small and may be absent. The structure indicates 
immature development closely resembling in structure the gland in the fetus, hence the name. 
Ordinarily these acini contain no colloid, but when toxic symptoms develop there may be a 
variable amount of colloid present which shows the usual changes found in toxic goiters. Cell- 
ular changes are not common, but increase in number of acini is responsible for growth of the 
tumor. These tumors may not infrequently form the sole lesion and their removal rids the 
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patient of her disease, but as often a general glandular hypertrophy is present and the adenoma 
represents but a part of the disease, and is found imbedded in the general adenomatous mass. 
Usually these tumors are solitary and are easily palpable. When these smaller masses are 
discovered with the microscope, the examiner is apt to think of malignancy. 


Fic. 2. This is a very typical arrangement in this tumor. The alveoli are generally small 
but on the whole well formed. The majority are empty, or contain some unidentified débris. 
Some contain a thin hyaline-like substance which is doubtless colloid. The stroma is thin, 
noncellular, and of a homogeneous myxomatous or hyaline-like consistence. Taken all in all 
there is a very large quantity of this type of stroma. 


The usual site for these adenomas is in the lower pole of the right lobe, less often in the isth- 
mus, but may be found anywhere in the gland. In rare instances they are compound tumors 
being formed in part of the thymus and lymphoid tissue. 


Pathological Report by W. S. Dennis: Specimen: Tumor mass from thyroid 
gland. Gross: Specimen is a rounded firm mass measuring 5 x 4 cm. and 
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apparently encapsulated. Cross-section shows it to be of uniform color and 
consistency, with a partial core of fibrous-like tissue and thin bands of radiating 
stroma, which tend to divide the periphery of the tumor into rough segements, 


Fic. 3. In the upper right is part of a strand of denser tissue, some of which in the gross 
appears as fibrous bands or trabeculae; this is noncellular, and, except for its greater density, 
reacts to stains in the same manner as the stroma already referred to in the preceding illustra- 
tion. In the right lower quarter the alveoli vary greatly in size while to the left the alveoli 
are larger, and most contain a poorly staining colloid-like substance. Occasionally such an 
alveolus is filled with blood. 


not unlike the medullary portion of the kidney. Occasionally there are small 
haemorrhages against the gray back ground. Here and there colloid or at 
least a colloid-like substance is identified. Gross Diagnosis: Adenoma of 
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thyroid. Microscopic Diagnosis: Foetal adenoma (mixed tumor) (see the 
four low-power illustrations). Note: Attention is drawn to the resemblance 
of this type of thyroid tumor to the mixed tumor of the salivary glands. 


Fic. 4. The picture as demonstrated here is quite different. These sections come from 
near the periphery of the tumor. It will be noted that the alveoli are much larger and well 
defined but poor in contents. Also a decided suggestion of interpapillary arrangement but, 
since there is evidence that this area is under pressure, in that the long axes of the alveoli are 
parallel to each other and to the capsule, this may be more apparent than real. 


Particularly as relates to the stroma, hence the name mixed tumor. Also that 
this is the true adenoma, constituting about 8 per cent of the so called adenomas 
of the thyroid. The large majority of so called adenomas of the thyroid are 
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not true adenomas and have an entirely different structure and arrangement 
and belong to the nodular hyperplastic thyroid rather than to the adenomas. 


SUMMARY 


1. A case is presented in which toxic goitre and toxic tuberculosis oc- 
curred in the same patient. 

2. Some enlargement of the thyroid gland and mild manifestations 
of hyperthyroidism are common in tuberculosis, particularly in young 
female patients, but the toxic forms of the disease, namely, toxic diffuse 
goitre and toxic nodular goitre are rare. 


BIBLIOGRAPHY 


(1) RoBerts, S. R.: The determination of tuberculosis and toxic goitre, Amer. Rev. Tuberc., 
1931, xxiii, 120. 

(2) Jackson, A. S.: The real value of the basal metabolic rate, Med. Jour. & Rec., May 7, 
1924, p. 150. 

(3) Frank, L. W., AND SAFARIK, L. R.: The basal metabolism in pulmonary tuberculosis, 
Colo. Med., 1928, xxv, 61. 

(4) VAN METER, S. D.: The classification of goiter, Northwest Med., 1930, xxix, 404. 

(5) Hertzter, A. E.: Diseases of the thyroid gland, C. V. Mosby Co., 1922, p. 61. 


LYSOZYME AND TUBERCULOSIS 
H. J. CORPER! 


Our knowledge of tuberculosis, like that regarding cancer, is shrouded 
in vagueness and beset with vagaries, so that the accepted treatment of 
these diseases to-day is essentially mechanical. Of course, the tubercle 
bacillus has been known to be the cause of tuberculosis for amost half a 
century, but an evaluation of the bodily factors, or the exact nature of 
those factors involved in the combat against the tubercle bacillus, is 
lacking. Thus, although it is now known that organic susceptibility in 
the same animal may vary, as is exemplified in the striking susceptibility 
of the dog’s liver to tuberculosis in contrast to the resistance of the spleen 
in this animal, and the susceptibility of the guinea pig’s spleen and rela- 
tive resistance of its liver, the nature of this difference, beyond the sug- 
gestion that it appears to be related to cellular action, remains undis- 
closed (1) (2). 

In 1922 Fleming (3) described a substance present in the tissues and 
secretions of the body, which is capable of rapidly dissolving certain 
bacteria and, since this substance has properties akin to those of ferments, 
he called it lysozyme. First noted in the nasal secretion of a patient 
suffering from coryza, he further found it in tears, sputum, nasal mucus, 
saliva, blood-serum and plasma, peritoneal fluid, pleural-effusion fluid, 
hydrocele fluid, ovarian-cyst fluid, sebum, pus from acne pustules, seropus 
from a “cold” abscess in the popliteal space, urine containing much al- 
bumin and pus, and semen (very weak), but not in normal urine, cerebro- 
spinal fluid or sweat. Although his most suitable and original test- 
organism was Micrococcus lysodetkticus, a gram-positive aerobic coccus, 
isolated on the fourth day from the patient with coryza, human tears 
and sputum were found to dissolve the majority of the air microbes (non- 
pathogens) tested, while human secretions showed lytic power for mi- 
crobes pathogenic for animals, such as Bgcillus abortus (Bang) and B. 
pseudotuberculosis rodentium. Some effect was noted for certain microbes 
from human sources. Some vegetable tissues also possessed lysozyme. 


1 Research Department, National Jewish Hospital, Denver, Colorado. 
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The action of lysozyme manifests itself on a susceptible microbe in a 
powerful inhibitory, bactericidal and bacteriolytic manner. Lysozyme 
is very stable, maintaining its activity in fluids for many weeks at room 
temperature. In dried material it does not appear to deteriorate for 
many months. It is soluble in water or weak saline solutions, but in- 
soluble in alcohol, ether, chloroform, toluol, xylol and acetone (4). 
High concentrations of sodium chloride (over 2 per cent) and acids and 
alkalies inhibit the lysis. Heat at 70°C. partially, at the boiling point 
completely, destroys and thymol has a deleterious effect, but toluol and 
chloroform have no action on lysozyme. Human tissues (liver, tonsil, 
kidney, intestine, stomach, cartilage, etc.) contain it in varying quantities 
in dilutions from 1:20 to 1:1300, only the cerebrospinal fluid and normal 
urine and faeces being devoid of bacteriolytic action. Animal (dog, 
rabbit, guinea pig, pike, frog, earthworm and sea anemone) and plant 
tissues contain it in varying amounts. Active immunization of man or 
animals does not increase the lysozyme content of tissues or tissue 
fluids (5), but a diet deficient in vitamine A in rabbits decreased the 
lysozyme content of the tears (6). 

In striking contrast to the action of a bacteriophage, lysozyme acts 
as well on dead bacteria in an old culture as on young, rapidly growing 
cultures (7). The lysozyme concentration is greatest in hen’s egg-white, 
a dilution of 1 in 60,000,000 exerting some lytic effect on M. lysodeikticus 
(named this because it is easily dissolved). Of a series of 104 strains of 
bacteria derived from the air of the laboratory, 75 per cent were dissolved, 
more or less readily, by a 1 in 100 dilution of sputum, and 28 per cent were 
completely dissolved in one hour. With bacteria isolated from the human 
body variable results were obtained. In one experiment 15 strains of 
intestinal streptococci were placed in contact with undiluted synovial 
fluid for 8 hours at 45°C., with the result that 12 were completely dis- 
solved, and three partially. Even when tears were diluted 1000 times 
they still showed some lytic action on a large proportion of the intestinal 
streptococci. Even though no actual lytic action might be visible 
when lysozyme-containing fluid was allowed to act on such microbes as 
B. coli or B. typhosus, it exerted a bactericidal or inhibitory power on 
these bacteria. The lytic power of lysozyme appears to be increased 
after the soluton of large numbers of bacteria. 

In 1930 Goldsworthy and Florey (8) studied the lysozyme content of 
the mucous secretions of the alimentary tract and found cat’s tears 
entirely devoid of lytic properties when tested against sensitive air 
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bacteria. Saliva, on the contrary, usually contains a considerable amount 
of lysozyme, but it was absent in the mucus procured from the stomach 
or colon, although a small amount was demonstrated in the saline ex- 
tracts of dried mucosae. On the other hand, marked lysis was effected 
with dog’s tears, saliva and nasal mucus, and there were detectable 
amounts in the mucus membranes and washings, much more being 
present in the colonic than in the gastric mucosa. The rabbit’s and 
guinea pig’s mucosa also displayed activity, while the goat showed absence 
in saliva and colonic washings but activity in tears. No definite mech- 
anism could be envisaged. In order to assess better the importance of 
lysozyme in natural immunity, Florey (9) studied its distribution in the 
organs (spleen, kidney, lung, liver, lymph nodes, etc.) of man and several 
mammals (guinea pig, rat, rabbit, dog and cat), with the result that in 
general the spleen, kidneys and lung were richly supplied, while in 
skeletal muscle and brain it was small in amount or undetectable, low 
in the testes content and moderate in the lymph nodes. Some of the 
titrations support the idea of the lysozyme being primarily for antibac- 
terial purposes, for instance, its richness in the lungs and spleen, but, on 
the contrary, the high concentration in the kidney is difficult to explain 
on that basis and the virtual absence of it in the skeletal muscle of several 
species is also difficult to explain, while the low content of all cat tissues 
is striking. Florey concludes that no alternative explanation to that of 
lysozyme being an antibacterial agent emerges from his analyses. 

In 1931 Rosenthal and Lieberman (10) reported that human milk 
in contradistinction to cow’s milk contains lysozyme (to a strain of 
Sarcina) and that the lysozyme introduced with the food passes through 
the intestinal canal and appears in the stool of the nursling. The period 
of rapid destruction of the bacteria of the air coincides with the period 
in which lysozyme begins to appear in detectable quantity in the infant’s 
stool. Lysozyme is not found in the stool of infants fed cow’s-milk 
formulae, who do not get lysozyme in their food supply, and a rapid de- 
struction of air-borne invaders does not occur in these infants. Lysozyme 
inhibits the growth of B. coli and apparently does not affect B. bifidus and 
thus it may play a réle in the stabilization of the intestinal flora of 
nurslings by eliminating B. coli. ; 

The striking action of lysozyme on certain bacteria, its presence in 
the organs of the guinea pig and dog, as well as man, and the lack of 
either immunological or biophysicochemical evidence to explain organic 
susceptibility to tuberculosis made it appear desirable to determine 
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whether lysozyme could play a part in destroying tubercle bacilli in the 
body and whether its action would account for organic susceptibility 
to the disease tuberculosis. According to Goldsworthy and Florey (8), 
and bearing our Fleming’s original studies, the antibacterial qualities 
of lysozyme are exhibited in three ways: (1) inhibition of growth; (2) 
killing without lysis; (3) killing accompanied by lysis. The first two 
criteria are available for testing the tubercle bacillus, while the third 
is entirely impractical at present on account of the nature of the tubercle 
bacillus and the lack of available methods to determine graded or partial 
to complete lysis of the bacilli within the reasonable limits of in viiro 
experiments (11). 

Accordingly, the following studies with the tubercle bacillus were 
concerned mainly with the inhibitory and bactericidal action of the 
lysozyme from the liver and spleen from the dog or the guinea pig, these 
organs being chosen because of their striking organic differences in sus- 
ceptibility to tuberculosis in the same animal. The lysozyme from these 
organs was prepared according to the outline given by Florey in 1930 
(9), which consists briefly in obtaining the tissues, liver or spleen as the 
case may be, immediately after killing the animal, grinding them in 
sterile containers and placing them in a sterile cotton-plugged tube con- 
taining about ten volumes of chemically pure acetone (Baker’s analyzed), 
mixing well and, after one to two days in the ice-box, pouring off the super- 
natant acetone, adding another portion of acetone to the residue and, 
after one day in the ice-box, decanting as much as possible of the acetone 
from the sediment, taking precautions not to contaminate the residue, 
which is then freed from the remaining acetone by keeping under a partial 
vacuum with flowing air at room temperature or slightly higher (up to 
35°C.) for one to several days. The dried tissue was then powdered by 
means of a sterile glass rod and extracted for 24 hours with neutral (pH 
7.0-7.4) 0.9 per cent sodium-chloride solution (about 3 to 5 volumes, as 
compared to the original amount of tissue taken, being used for this 
purpose). The clear solution of lysozyme resulting from the extraction 
was then diluted with the sterile neutral saline solution to give dilutions 
of 1:1, 1:2, 1:4, 1:8, etc., to 1:1,024, and these dilutions were tested for 
bactericidal action by the addition to 1 cc. of one drop of suspensions of 
human tubercle bacilli containing 1.0, 0.01 and 0.000,1 mgm. per cc. 
As controls, similar extracts were made from tissues previously heated to 
the boiling point of water for thirty minutes, and a second control con- 
sisting of the clear saline extract after acetone precipitation and washing, 
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heated likewise for 30 minutes in a boiling water-bath. During heating i 
there usually occurred a coagulation of some of the protein, especially 
in the lower dilutions. The results of these bactericidal tests with the 
liver and spleen of the guinea pig are recorded, more oz less in summarized 
form, in table 2. The findings with the liver and spleen of the dog are 
not recorded because they were almost identical with those for the spleen 


TABLE 1 


The tuberculocidal effect of acetone added to a saline extract of an acetone precipitate of Hi 
blood (heated) 


SUSPENSION 


OF TUBER- 
INTERVAL OF INCU- CLE controt |!0 PER CENT| 1 PER CENT 
BATION AT 37°C. | BACILLI IN ACETONE ACETONE 


ACETONE ACETONE ACETONE 


MGM. PER 
cc.* 


1.0 
Control... ...: .4| 0:04 4 3 4 4 
0.000, 1 


1.0 
One day...... 0.01 4 0 3 A 3 
0.000,1 


1.0 
One week..... 0.01 4 0 4 3 4 4 
0.000,1 2 


1.0 4 
One month... .{} 0.01 4 0 3 4 4 
0.000,1 3 0 1 3 2 a 


* One drop of suspension was added to 1 cc. of the saline extract. 
t The viability of the tubercle bacilli was tested by planting on glycerol water crystal- 
violet potato-cylinder medium (12) and readings were made at weekly intervals up to 3 
months’ incubation, the 2-month interval being recorded in the tabulation as from 0 = no 
growth to ‘‘4,” a profuse, well-developed growth. 


and liver of the guinea pig. Since acetone was used as a tissue precipitant 
and since small traces may possibly be retained by these tissues, especially 
after only partial-vacuum distillation at low temperatures, a series of 
tubes was prepared, in which varying amounts of pure acetone, from 10 
to 0.001 per cent, were added to a suspension of acetone-precipitated blood 
in saline solution, and as control the heated saline extract of acetone- 
precipitated blood was used. The results of the experiment are briefly 
recorded in table 1, and it is to be noted that acetone is without ap- 
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TABLE 2 
The tuberculo-lysozyme content of the spleen and liver of the guinea pig 


DILUTION OF SALINE EXTRACT OF ACETONE 
ond PRECIPITATE OF ORGAN TESTED 
TUBERCLE 
INTERVAL OF BCU- BACILLI IN 
BATION AT : MILLIGRAMS Liver 
BEFORE PLANTING IN SUSPEN- 
ON POTATO MEDIUM SION ADDED 
TO SALINE 
EXTRACT* 


Heated before ace- 4 
tone  precipita- 4 
tion 2 


Control Normal unheated 


Heated after saline 
extraction 


Heated before ace- 
tone precipita- 
tion 


Heated after saline 
extraction 


Heated before ace- 
precipita- 
tion 


One month. ...{| Normal unheated 


| 
| 
| 
| 
| 
| 
| 


Heated after saline 


0 4 4 
a 0 0 0 
extraction | 0 0 0 


\ 


* One drop of the respective suspensions was added to 1 cc. of saline extract. 

ft Although all the dilutions were tested from full strength to 1:1,024, only a few are 
recorded to give the plan of the test and the pertinent results of the experiment. 

t The reading is graded from 0 to 4 plus and the 2-month incubation reading only is 


recorded. 
§ Plantings were made at 2 and 4 days and 2 weeks but the readings are not recorded be- 


cause inconsequential to evaluating the data. 
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preciable effect upon the viability of tubercle bacilli in concentrations 
up to 1 per cent during contact for one month at 37°C.; a ten per cent 
concentration, however, destroys the bacilli within 1 to 2 days at 37°C. 

The experiments with acetone (recorded in table 1) and on the tuber- 
culo-lysozyme content of the tissues of the liver and spleen of the guinea 
pig (recorded in table 2) and the identical results obtained with the tissues 
of the liver and spleen of the dog (these are not presented since they were 
almost identical to those recorded in table 2) leave little doubt that lyso- 
zyme is without appreciable bactericidal effect upon tubercle bacilli or 
that these bacilli are not suitable for tests for lysozyme in vitro. The 
former view, however, seems the more obvious, since lysozyme does not 
appear to be easily influenced by in vitro conditions even of relatively long 
duration, since it has been proved to be fairly stable except under con- 
ditions of relatively high temperature, excessive salt content or acidity 
or alkalinity, and all of these were guarded against in performing the 
foregoing bactericidal tests with tubercle bacilli. 

Thus far the possibility of the existence of a tuberculostatic action 
of the lysozyme from the organs (liver and spleen) of the guinea pig and 
dog has not been entirely excluded as a possible explanation of the or- 
ganic susceptibility to tuberculosis, even though, in transferring the test 
plants in the tuberculocidal experiments to the potato medium, a consider- 
able amount of the various saline extracts was of necessity carried with 
the bacilli on to the medium, and, if there were any appreciable effect, it 
should have been discernible, especially with the higher concentrations 
of the saline extracts. To further test the tuberculostatic action, however 
and in more concentrated form, the acetone precipitate of the liver and 
spleen of the guinea pig and dog, after freeing from acetone, were indi- 
vidually placed in glycerol-agar medium, but none of these was found to 
exert an appreciable effect upon the growth of the tubercle bacilli on this 
medium. With this medium, however, only heavy plants of bacilli 
could be studied, because it will not support the growth of small numbers 
of tubercle bacilli. The sterile acetone precipitate freed from acetone 
was also placed on the surface of a large potato-disk medium in a petri- 
dish and on a portion of whole egg medium in a petri-dish (both good 
nutrient media for tubercle bacilli), and these were planted with graded 
amounts of tubercle bacilli from 1 to 0.000,001 mgm. No appreciable 
effect of the tissues was noted in any of these tests, as compared with 
controls to which tissue (lysozyme) had not been added or to which had 
been added the acetone precipitate from heated tissues. 
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The foregoing experiments make it appear obvious that either lyso- 
zyme plays no active part in the susceptibility of tissues to tuberculosis, 
or, if it does, the ordinary in vitro tests as outlined for lysozyme testing 
by Fleming and Florey are inadequate for disclosing the presence of 
tuberculo-lysozyme. The former view would appear to be the more 
acceptable, in view of all the facts available at present concerning lyso- 


zyme. 


SUMMARY AND CONCLUSIONS 


Lysozyme prepared from the dog’s liver or spleen, or the guinea pig’s 
liver or spleen, was not found to possess an appreciable inhibitory or 
bactericidal effect upon tubercle bacilli zz vitro, and the action of lysozyme 
does not appear to be a factor in accounting for any organic susceptibility 
to tuberculosis in these animals. These experiments also make it appear 
unlikely that lysozyme plays a significant part in the susceptibility or 
resistance to tuberculosis in man. 


Note: Material assistance in these studies was given by Stuart Germain. 


REFERENCES 


(1) Corprer, H. J., Lurre, M. B., anp Uvetr, N.: The variability of localization of tu- 
berculosis in the organs of different animals, Amer. Rev. Tuberc., 1926, xiv, 662 
& 680; 1927, xv, 65 & 237; 1927, xv, 389. 
(2) Corper, H. J.: Organic tuberculosis in man analyzed from postmortem and experi- 
mental data, Jour. Am. Med. Ass., 1927, Ixxxix, 1756. 
(3) Freminec, A.: On a remarkable bacteriolytic element found in tissues and secretions, 
Proc. Royal Soc. of London, series B, 1922, Ixxxiii, 306. 
(4) Fremine, A., V. D.: Observations on a bacteriolytic substance (“Lyso- 
zyme’’) found in secretions and tissues, Brit. Jour. Expl. Pathol., 1922, iii, 252. 
(5) Axttson, V. D.: The effect of the administration of vaccines on the lysozyme content of 
‘ tissues and secretions, Ibid., 1924, v, 165. 
(6) Frnpiay, G. M.: Contribution to the aetiology of experimental keratomalacia, Ibid., 
1925, vi, 16. 
(7) Fremine, A.: Lysozyme, a bacteriolytic ferment found normally in tissues and secre- 
tions, Lancet, 1929, ccxvi, 217. 
(8) Gotpswortuy, N. E., AND FLorey, H.: Some properties of mucus with special refer- 
ence to its antibacterial functions, Brit. Jour. Expl. Path., 1930, ix, 192. 
(9) Firorry, H.: The relative amounts of lysozyme present in the tissues of some mam- 
mals, Ibid., 1930, xi, 251. 
(10) RosENTHAL, L., AND LIEBERMAN, H.: The réle of lysozyme in the development of the 
intestinal flora of the new born infant, Jour. Infect. Dis., 1931, xlviii, 226. 
(11) Corprr, H. J.: The lysis of tubercle bacilli in vitro, Amer. Rev. Tuberc., 1931, xxiii, 
56. 
(12) Corprer, H. J., anp Uver, N.: A simple glycerol water crystal violet potato cylinder 
medium for diagnostic cultures of tubercle bacilli, Arch. Pathol., 1929, vii, 835. 


| 
} 
| | 
i 
i 
i 
| 
4 
i 
; 
i 


GLYCERINE AS A VEHICLE FOR TUBERCULIN DILUTIONS 
HENRY STUART WILLIS! 


During the course of some observations on the clinical application of 
tuberculin, we have encountered difficulties several times in the incon- 
stancy and instability of the higher dilutions, even when the diluent was 
physiological salt solution and dilutions were made semiweekly. Careful 
search for the cause of this discrepancy was made by scrutiny of tech- 
nique and technical details, by elimination of a preservative and by the 
use of several diluents. It was thought that the phenol might lead to 
premature deterioration of the dilution more rapidly than it is usually 
held to do. It was believed that possibly the salt solution might, by 
molecular combination with the specific protein, lead to an uneven dis- 
tribution of the latter throughout the dilutions, especially the higher 
ones. ‘To discover whether the latter idea were true, other diluents were 
used, particularly those containing glycerine. But before using dilu- 
tions made with new vehicles, small doses of two of the latter were in- 
jected into several persons to learn whether these had any effect on the 
skin. The results of these injections led to the study which is reported 
in this brief paper. 

Glycerine in 50 per cent strength has been advocated recently as a 
diluent for tuberculin. In our study this product was added to physio- 
logical salt solution in a one to one proportion for one of the mixtures 
and to distilled water in equal proportions for the other. Injections were 
made into the skin in doses of 0.1 and 0.05 cc. The injections were made 
on the flexor surface of the forearm, the glycerine-salt solution mixture 
being placed in the distal third of the arm and the glycerine-water mix- 
ture about 5 cm. proximal to that. Observations were made daily for 
five days in most instances and for as long as ten days in a few. 

The results were both interesting and surprising, because not a single 
tested individual failed to give a definitely indurated reaction at 24 and 
48 hours, which in numerous instances was still distinct at five or six 
days. The reaction was remarkably uniform in size, appearance and 

1'Wm. H. Maybury Sanatorium (Detroit Municipal Tuberculosis Sanatorium), North- 
ville, Michigan. 
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duration. It was characterized by a distinctly firm, almost nodular 
induration, which had an average diameter of approximately 7 mm. 
It was definitely pallid rather than red, and at times paler than the 
surrounding skin. It became moderately red after slight pressure or 
rubbing, but the nodulation was the striking characteristic. Usually it 


Fic. 1. Photograph of a 48-hour reaction to mixtures of glycerine and water and glycerine 
and salt solutions. Theformeris proximal. The induration is obvious. 


Fic. 2. Profile view of a reacting arm 48 hours after injection. Data similar to that in 
fig. 1. 


was elevated above the surface of the skin as is shown in figures 1 and 2, 
which give a direct and a profile view of two of the more conspicuous 
reactions at 48 hours. When it was thus raised, its presence and size 
were readily appreciable by inspection. It was not raised in certain 
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cases, but palpation in these would yield evidence of definite nodulation. 
It might be mistaken quite easily for a true tuberculin reaction. 

In general, the response to the glycerine-water mixture was more 
marked than that to the glycerine-salt solution mixture, both as to dura- 
tion and intensity. In nearly all instances the reaction persisted five 
days or longer when the former was injected, while, when the latter was 
given, the reaction lasted a shorter time (which was always as long as 
three and occasionally as long as five and six days). ‘The intensity of 
the reaction, as judged by vesiculation and ulceration, was distinctly 
more marked in the glycerine-water sites, for, not only did the injection 


Fic. 3 Fic, 4 
Fic. 3. Ulceration at site of injection of glycerine-water mixture 5 days after injection. 
The small ulcer surmounts an area of induration. 
Fic. 4. Forty-eight hour reaction. The glycerine-water mixture (the proximal area) shows 
a gelatinous centre which has not undergone vesiculation or ulceration. 


of these substances lead to an induration, but also not infrequently to 
vesiculation and in two instances to ulceration (but one of the latter was 
brought about through scratching of the vesicle that capped the reaction). 

Altogether the injections were made into 13 tuberculosis patients and 
15 healthy volunteers. They led to reaction in every person tested. 
In 8 instances out of the twenty-eight, vesiculation occurred, ~— all but 
one of them in the glycerine-distilled-water area. The two instances of 
ulceration appeared also in this area. A photograph of an ulcerated 
reaction is shown in figure 3, which was taken on the fifth day of the 
reaction. In several instances in which vesiculation did not occur, the 
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‘entre of the indurated area became semitranslucent, and took on a some- 
what gelatinous appearance on the first and second days, and persisted 
intil the fifth day or even later. This feature of the reaction was en- 
countered more often at the site of the glycerine-water injection than 
where the glycerine-saline mixture was placed, arene it was seen in 
both areas. It is illustrated in figure 4. 

What of the response to the two different doses of these mixtures? 
When the dose of 0.05 cc. was employed, the results were uniformly 
similar to those already described, but they were less marked and they 
tended to recede somewhat earlier. However, in one-third of the in- 
stances the induration was detectable at five days after the injection, and 
in every instance it was detectable at 24 and 48 hours. 


Fic. 5. Photograph of the arm shown in fig. 1. It was taken 5 days after injection. In- 
duration is still present. 


The size and duration of the reaction are indicated in table 1, which 
lists a few unselected records of some of the volunteers. It will be ob- 
served that the reactions tended to be of uniform size and that they 
persisted without marked change in size and intensity throughout an 
observation period of five days. It will be seen also that the longer 
duration and the vesiculation tended to occur more in the sites where 
the glycerine-water mixture was injected. The duration of the reaction 
is illustrated by figure 5, which is a photograph at five days of the same 
reaction that is reproduced in figure 1 as being typical of the response 
at 48 hours. 

It was clear that the glycerine-water mixture produced more reaction 
than did the glycerine-salt solution. It was then determined whether 
water itself might lead to a reaction. In order to answer this question, 
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0.1 cc. of sterile distilled water was injected intracutaneously into the 
forearm of 5 tuberculous persons. ‘This resulted in a distinct redness of 
4- or 5-mm. diameter in three at 24 hours and in two at 48 hours. It 
led to no induration. 

It is routine among most physicians to follow a negative reaction to 
tuberculin with a second or third injection of a stronger dilution. A 
good many persons will react when tested with a dilution of 1 to 100 or 
1 to 10 who fail entirely to react to a dilution of 1 to 1000. As the dose 
of Old Tuberculin is increased, the percentage of glycerine is likewise 
augmented, so that in a dilution of 1 to 100 (0.1 cc. = 1.0 gm.) the amount 
of this ingredient is 0.5 per cent and in a 1 to 10 dilution it is 5 per cent. 
Although it is very uncommon for so strong a dilution as the latter to be 
used, occasions do arise which require its use. Does glycerine in this 
concentration produce induration when put into the skin? To answer 
this question, we tested a few subjects as follows: Six healthy, nontuber- 
culous individuals were injected intracutaneously with freshly prepared 
mixtures of 5 per cent glycerine (one in salt solution and one in distilled 
water). None of these people gave the slightest reaction 24 and 48 
hours later. 

The question presented itself as to whether sufficient glycerine to 
produce a reaction might be absorbed through the Pirquet scarification. 
This matter was tested by scarifying the arms of 10 healthy persons 
(4 la Pirquet) and applying the glycerine-water mixture to one area, the 
glycerine salt-solution mixture to a second, and leaving a third as a 
traumatic control. These were observed for three days and none 
showed any sign of reaction at all. 

None of these mixtures was injected into animals for purposes of his- 
tological study and comparison with the microscopic features of the 
tuberculin reaction. 

DISCUSSION 


The reaction presented characteristics that were peculiar to it and that 
rather set it off from a tuberculin reaction, but the two might be con- 
fused very easily. It was usually paler than the skin, and uniformly and 
exceedingly firm. Ordinarily, one looks for both redness and induration 
in a tuberculin reaction. However, the latter is a sine qua non of the 
reaction and the former is not. Many tuberculin reactions are inter- 
preted on the basis of the induration alone; and correctly so, for indura- 
tion alone is a safe criterion, while redness alone in an injected area is 
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not considered as an index of positiveness. The indurative reaction is 
of particular importance to those who interpret the results of the test 
on the fourth or fifth day only, because by that time the redness has 
often disappeared and has left, at most, some pigmentation at the site. 


CONCLUSION 


Glycerine in 50 per cent strength is not a satisfactory diluent for 
tuberculin because it leads to distinct induration of the tissues at the site 
of injection. 
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THE EARLY CELLULAR REACTIONS IN THE LUNGS OF 
RABBITS INJECTED INTRAVENOUSLY WITH 
HUMAN TUBERCLE BACILLI: 


ARTHUR J. VORWALD 


From a previous study (1) of the histopathological reaction of lung 
tissue in normal animals of different species, at one day, one week, and 
one month after an intravenous injection of a known amount of human- 
type tubercle bacilli, it was concluded that, to determine the significance 
of cell types partaking in the reaction, periods earlier than twenty-four 
hours must be studied. The purpose of this paper is to direct attention 
to the cellular response occurring in the lungs of normal rabbits at inter- 
vals of from one hour to one month after inoculation, stressing particu- 
larly the cellular changes occurring within the first day. 

A review of the literature on the early tissue reaction to tubercle bacilli, 
shows a varying emphasis on one type of cell or another as the most 
important in the regression or the progression of the tuberculous process. 
As far back as 1885, only a few years after the discovery of the tubercle 
bacillus, Baumgarten (2) inoculated bits of tuberculous tissue into the 
anterior chamber of the rabbit’s eye, following the lead of Cohnheim in 
his pioneer studies on inflammation. The nodules which developed in 
the cornea and iris were formed, according to his interpretation, by 
direct division of the preéxisting connective-tissue cells. Leucocytes 
entered into and involved the nodules only secondarily. 

Yersin (3) in 1888 and Borrel (4) in 1893 attributed to the polymorpho- 
nuclear leucocyte a major réle in the early formation of the tubercle. 


Borrel wrote as follows: 


To understand the réle of the polymorphonuclear leucocytes against the tu- 
bercle bacillus after their introduction into the circulatory stream, I have sacri- 
ficed an animal immediately after injection. . . .All the capillaries and veins 
of the lungs show intense polynuclear leucocytosis. The grouping of the leuco- 
cytes is especially evident where the bacilli are found. Their presence in cer- 
tain points indicates in a certain way the presence of the bacilli. . . .It is 
easy to see that the larger number are enclosed in the leucocytes. 


1 From the Department of Pathology, University of Chicago, Chicago, Illinois. 
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This early reaction of the polymorphonuclear leucocytes was later re- 
peatedly observed, and is now universally recognized as the initial cellular 
response to moderate dosage of tubercle bacilli. Its transitory nature, 
however, has led most investigators to think of the phenomenon as of 
negligible significance, and the overwhelming majority of studies of the 
cytology of the tubercle have disregarded this early response, and dealt 
with later phases of tubercle-formation. The early polymorphonuclear 
influx has been dismissed as ‘‘a protein response,” and the statement is 
commonly made that it occurs only in the presence of considerable 
numbers of bacilli. Even such an obvious question as the occurrence 
or absence of phagocytosis of tubercle bacilli by polymorphonuclears has 
not been settled in the literature on the early reaction. 

Krause (5), in his comprehensive review on tissue reactions to tubercle 
bacilli, stresses the fact that nodular tubercle, which is, according to him, 
the anatomical response to a few tubercle bacilli (and those of first in- 
fection), develops without the cardinal signs of inflammation, arising by 
a proliferation of fixed-tissue elements with numerous cells in active 
mitosis, essentially the view advanced by Baumgarten in 1885. He (6) 
records clearly, however, that, when greater doses of tubercle bacilli 
are given, polymorphonuclear leucocytes dominate the field in the early 
response to large focalizations of bacilli. He looks upon this reaction, 
however, as ‘a non-specific cellular response to aggregated proteins.” 

Cunningham, Sabin, Sugiyama and Kindwall (7) contend that the 
monocyte is the cell primarily concerned in the formation of the tubercle. 
They have established the peripheral blood monocyte-lymphocyte ratio 
as an index of the progression or the regression of the tuberculous process. 
After an intravenous injection of tubercle bacilli into rabbits, Sabin and 
Doan (8) saw no immediate increase in cells of inflammation in scrapings 
of the lungs. Polymorphonuclear leucocytes were present in numbers 
only representative of the circulating blood in the organ. 

Gardner (9) characterized the early reaction after an intraibdominal 
injection of tubercle bacilli as a prompt polynucleosis of haematogenous 
origin. He believed this reaction to be nonspecific in nature. It re- 
ceded in three or four days, at which time the inflammatory elements 
were removed by the phagocytic action of the monocytes. This observa- 
tion was also made, in essentially the same manner, by Sherwood (10), 
who noted, however, phagocytosis of tubercle bacilli by the polymorpho- 
nuclear leucocytes as well as monocytes. 
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In recent years Medlar (11) has put new emphasis on the part played 
by the neutrophilic leucocytes in the tuberculous process. To them he 
ascribes tuberculous abscess-formation and the extension of the tuber- 
culous ulcers. It is his opinion that mononuclear leucocytes are the 
chief cells in the new tubercle-formation, lymphocytes predominating 
when the tuberculous lesion is healing. He noted the very early response 
of the neutrophiles, but as transitory and never very great. 

The early polymorphonuclear reaction has been described in tubercle- 
bacillus injections of tissue cultures, as well as in intact organs. Maxi- 
mow (12), in his rabbit-tissue cultures inoculated with tubercle bacilli 
of several types, observed that for the first twenty-four hours the poly- 
morphonuclear leucocytes (special granular pseudo-eosinophilic leuco- 
cytes) displayed the highest activity in migration and that an occasional 
phagocytosis of the tubercle bacillus occurred. This, however, he felt 
was only transitory, and to it he attributed no réle. Foot (13), in his 
studies of endothelial reactions, made somewhat similar observations. 
He believed that leucocytes tended to hem in the inoculated bacilli, 
rarely phagocytosing them. 

The slightest familiarity with the literature concerned with the dif- 
ferentiation of cells of inflammation makes obvious how difficult such a 
differentiation is in the case of mononuclear cells other than the typical 
lymphocytes and plasma cells, namely, those cells variously designated 
as the macrophage of Metchnikoff, the endothelial leucocyte of Mallory, 
the clasmatocyte of Ranvier, the histiocyte of Aschoff and Kiyono, the 
polyblast of Maximow, the monocyte of Pappenheim, Schilling-Torgau, 
Sabin, etc. Since the characteristics of these cells, their origin and 
potentialities are so unsettled, it would seem that temporarily at least 
the use of a noncommittal term for these cells, which would convey no 
idea as to their origin and purpose, might be advantageous. Throughout 
this discussion therefore the term ‘“‘mononuclear exudate cell” has been 
employed. ‘This has seemed, for the purposes of this paper, safer than 
adhering to any particular school of haematology in the present state of 
knowledge. The polymorphonuclear leucocytes, on the other hand, are 
easily distinguished, and especially well in the rabbit, where an easy dif- 
ferentiation can be made from all mononuclear cells. The eosinophilic 
granules in these polymorphonuclear cells which correspond to the neutro- 
philes in man, and which Maximow has called pseudo-eosinophiles, make 
sure this differentiation. 
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EXPERIMENTAL 


A group of 12 normal rabbits was injected intravenously with 0.1 
mgm. human-type tubercle bacilli (H37) per kilogram body weight of 
animal. The animals were killed at varying periods after inoculation, 
and the lungs immediately fixed iu situ by the intratracheal injection of 
Zenker-formol solution. Tissues were prepared in the usual manner 
and embedded in celloidin. Sections were stained with haematoxylin and 
methyl-green. In tissues used for cellular differentiation the tubercle 
bacilli were stained in the same manner, and for counterstains haematoxy- 
lin, eosin-azure was employed in one series, and haematoxylin, orange G- 
azure in another. This latter stain gives good differentiation between 
the eosinophilic granules and the red-staining tubercle bacilli. 

A description of the conditions found in representative individuals of 
each series on microscopic observation follows: 


Rabbit 1 hour (figure 1): There is no thickening of the interalveolar 
septa, and the alveoli are empty of either cellular or plasmatic exudate. 
Numerous small collections of cells, however, are found, which are lo- 
cated in small capillaries, plugging them entirely or in part. These are 
typical alveolar capillaries, bearing no relation to any other lung struc- 
ture, such as bronchi or lymphoid aggregations. The cells of these foci 
are almost exclusively polymorphonuclear leucocytes, grouped about 
small collections of tubercle bacilli. Many of the polynuclears have 
phagocytosed one or more of the organisms. In the alveolar walls radi- 
ating from such capillaries, are numerous polymorphonuclear leucocytes 
(poly) containing the bacilli. Such cells lie singly in the centre of the 
wall with no other cellular reaction about them. Many of the larger 
blood-vessels contain a great number of polymorphonuclears, some of 
which have phagocytosed one or more tubercle bacilli. A few of the 
bacilli found in these larger vessels are, however, unphagocytosed. Mi- 
totic figures are absent in all of these accumulations of cells and tubercle 
bacilli. The pulmonary lymphoid tissue is not large in amount. It 
shows occasional cells in active mitosis. Tubercle bacilli are not found 
in this lymphoid tissue. 


Rabbit 2 hours: The picture does not differ much from that of the one- 
hour period, except that the plugging of the capillaries is slightly more 
pronounced. In one case a blood-vessel is seen near a bronchus, one 
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half-filled with polymorphonuclear leucocytes containing tubercle bacilli. 
The alveolar walls, about the capillaries around the bacillus-carrying 
leucocytes, show very slight thickening due to an accumulation of mono- 


/ 
alveolar -- 
wafis 


Fic. 1. An alveolar capillary in the lung of a rabbit one hour after intravenous injection 
of tubercle bacilli. The capillary is plugged by polymorphonuclear leucocytes (poly) which 
are massed about and phagocytosing tubercle bacilli (¢d). 


Key to Figures 


poly: polymorphonuclear leucocyte 

tb: tubercle bacillus 

mon: mononuclear exudate cell 

end: endothelial cell 

lym: lymphocyte 

casea: caseation in centre of tubercle 

per: periphery of tubercle 

Optical System: Camera lucida drawing at the level of the microscope stage. Leitz, oil 


imm., 10X ocular. 


nuclear exudate cells, which in one or two cases contain a tubercle bacil- 
lus. The lymphoid elements at this stage are slightly more prominent 
than those at the one-hour period. They show many more large mono- 
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nuclear types of cells and mitotic figures. Polymorphonuclear leucocytes 
are generally absent in these lymphoid foci, and rarely can a tubercle 
bacillus be found in such foci. 


Rabbit 3 hours (figure 2): The general description given for rabbits at 
one hour and two hours holds for this animal. The following points of 
difference may be noted: There are many more bacillus-laden polymorpho- 
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Fic. 2. An alveolar wall of a rabbit’s lung three hours after intravenous injection of tu- 
bercle bacilli. It is increased in thickness due to an accumulation of mononuclear exudate 
cells (mon) about bacillus-laden polymorphonuclear leucocytes (poly). 


nuclear leucocytes located in the alveolar walls some distance beyond the 
prealveolar vessels; the latter may or may not contain polynuclears and 
tubercle bacilli. About these cells there is a noticeable increase in the 
thickness of the alveolar wall. This is partly due to an accumulation of 
cells of the mononuclear exudate type (mon). The alveolar spaces now 
contain a few polymorphonuclear leucocytes, many of which have phag- 
ocytosed tubercle bacilli. Intermingled with these are a few of the 
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mononuclear exudate type of cells and typical lymphocytes. The lym- 
phoid aggregations are still more prominent and show numerous mitotic 
figures. No tubercle bacilli are found in such aggregations. 


Rabbit 4 hours: Foci of reaction are more easily found than in any of 
the preceding stages. The majority of foci consist of thickening of the 
alveolar walls, mainly by polymorphonuclear leucocytes. The accumu- 
lation of typical lymphocytes and mononuclear exudate cells is becoming 
more pronounced, and occasional, but rare, phagocytosis of tubercle 
bacilli by cells of the latter type is observed. The phagocytosis by poly- 
morphonuclear leucocytes far exceeds that of any other cell type. The 
alveolar spaces are more congested and the pulmonary lymphoid tissue 
shows greater evidence of hyperplasia. Tubercle bacilli are still rarely 
found in such tissue. Other than this many instances of reaction are 
found which duplicate those of the earlier stages. 


Rabbits 6 hours; 8 hours; 10 hours: The reactions at these stages may 
be spoken of collectively. The cellular responses to bacilli are by this 
time very pronounced and easily located. They consist in thickenings 
of the alveolar walls and increased exudation into the adjoining alveolar 
spaces by polymorphonuclear leucocytes, lymphocytes and mononuclear 
exudate cells. Capillaries, which no doubt previously were congested 
as at the one-hour stage (figure 1), are now practically obliterated by 
the growing tubercles. The endothelial-cell lining of the capillary wall, 
because of the cellular infiltration, is occasionally very difficult to follow, 
but in the majority of cases it can easily be made out, and there is no 
evidence of division or increase in number of these cells, even though they 
are embedded in the infiltrating inflammatory elements. There is an 
increase in the number of the tubercle bacilli observed at this stage. 
The majority of them are still within polymorphonuclears, but instances 
of phagocytosis by mononuclear exudate cells are increasingly evident. 
The mononuclear exudate cells in general are large cells of irregular shapes 
with usually slightly eccentric nuclei possessing a heavy and distinct 
nuclear wall and from one to three nucleoli. The lymphoid foci are more 
prominent and possess numerous large cells and many mitotic figures. 
In the lung tissue such figures are found in only two cellular reactions to 
tubercle bacilli occurring in all of the above three periods. 


| 
| 
| 
| 
| 
| 


EARLY CELLULAR REACTIONS 81 


Rabbits 14 hours (figure 3) and 18 hours (figure 4): At these periods 
a striking change is noted in the cellular reactions. The alveolar walls 
are much thickened by cells of the polymorphonuclear leucocyte and 
mononuclear exudate cell types, the latter cell slightly predominating 
at the 18-hour pericd. Many of the alveolar spaces are now obliterated 
by exudate cells. The reactions in general bear no relation to any of 
the major lung structures other than alveolar walls and spaces. The 


Fic. 3. Representative reactions in a rabbit’s lung fourteen hours after intravenous in- 
jection of bacilli. The bacillus-laden polymorphonuclear leucocytes (poly) are surrounded by 
mononuclear exudate cells (mon). Occasionally a mononuclear exudate cell (mon') has 
phagocytosed the tubercle bacilli. Numerous polymorphonuclear leucocytes (4, poly) con- 
taining tubercle bacilli are in various stages of degeneration. 


polymorphonuclear leucocytes are now intermingled with and often 
surrounded by mononuclear exudate cells (figure 3). Frequently the 
polymorphonuclear leucocytes are engulfed within the cytoplasm of these 
cells. This is well demonstrated in those cells lying free in the alveolar 
spaces, and quite often such phagocytosed polymorphonuclears contain- 
ing bacilli are in various stages of degeneration (figure 3, 4). Some show 
merely a dispersion of cytoplasmic granules, others a complete absence 
of granules, with very pycnotic nuclei lying in a clear space in the cyto- 
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plasm of the phagocytosing mononuclear exudate cell (figure 4,4). The 
contained tubercle bacilli may lie in the dispersed granular cytoplasm of 
the polymorphonuclear leucocyte, or in the clear space surrounding the 
pycnotic nucleus, or be now frankly taken up by the cytoplasm of the 
mononuclear exudate cell (figure 3, 1; figure 4, 3). Many of these cells 


Fic. 4. Representative reactions in alveolar spaces in a rabbit’s lung eighteen hours after 
intravenous injection of bacilli. Numerous polymorphonuclear leucocytes containing bacilli 
(poly) are surrounded by (1 and 2, mon) and phagocytosed by (4, mon!) mononuclear exudate 
cells. Such bacillus-laden polymorphonuclears are often degenerating (4, poly). The end- 
stage is seen in 3 (mon?), in which the remains of phagocytosed polymorphonuclear leucocytes 
can no longer be distinguished, while the bacilli formerly in the polymorphonuclear now lie 
free in the cytoplasm of the mononuclear exudate cell. 


contain from one to twenty bacilli. The tubercle bacilli appear to be 
more numerous than those in the earlier stages. The majority of them 
show no changes. Others are more beaded, and some are thin and very 
weakly acid-fast. Mitotic figures are as rarely observed in these foci 
of cells responding to the bacilli as in previous stages, whereas in the 
hyperplastic lymphoid aggregates, where tubercle bacilli are seldom 
seen, such mitotic figures are very numerous. 
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Rabbit 20 hours: The reactions at this period do not differ much from 
those at eighteen hours except for the increase in size of the individual 
tubercles and the more evident predominance of mononuclear exudate 
cells to the exclusion of the polymorphonuclear leucocytes. 


Fic. 5. A tubercle in the lung of a rabbit twenty-four hours after intravenous injection of 
tubercle bacilli. The tubercle is composed mainly of mononuclear exudate cells (mon), 
numerous polymorphonuclear leucocytes (poly) and a few lymphocytes (/ym). The bacilli 
are in the majority of cases contained in the cytoplasm of the mononuclear exudate cells 
(mon!). 


Rabbit 24 hours (figure 5): Throughout the section one finds responses 
to tubercle bacilli in all stages of development, from a mere thickening 
of the alveolar wall and slight extension into the space, to a great thicken- 
ing of the wall and obliteration of the adjoining spaces. Reactions of 
the latter type are those of typical tubercle-formation, some showing 
slight central degeneration. All contain numerous polymorphonuclears, 
some normal and others in various stages of degeneration. Only a few 
of these polymorphonuclear leucocytes contain tubercle bacilli. The 
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majority of cells making up the reaction are now of the mononuclear 
exudate variety (mon), with a relatively large amount of pale blue, 
slightly foamy or non-foamy cytoplasm (eosin-azure stain). The nuclei 
are slightly eccentric, mainly irregular, all relatively poor in chromatin, 
possessing a heavy nuclear wall and from one to three distinct nucleoli. 
The majority of tubercle bacilli at this stage are engulfed in such cells 
(mon), most often a single bacillus being confined to a single cell. Oc- 
casionally such a cell contains three to four bacilli, all with their long 
axes parallel, and sometimes attached at both ends with bowing in the 
centre, or attached at one end simulating a V. Some bacilli are more 
beaded than others and only slightly acid-fast. Others are very small 
and appear only as dots. Often these reactions are in alveolar walls 
and spaces neighboring lymphoid aggregations. Such aggregations 
however, except for greater prominence, resemble those at the eighteen- 
hour period. 


Rabbit one week: From the one-day period to the one-week period there 
has been very little progression in the tubercle-formation, as evidenced 
by microscopical measurement of whole tubercles reconstructed from 


serial sections of the lungs. The cells making up the response are for 
the most part mononuclear exudate cells, some of which by now have 
the characteristic features of epithelioid cells. 


Rabbit 1 month (figure 6): The responses at this period consist of large 
compact tubercles, easily seen on the gross specimen. Most of the 
tubercles are well defined and isolated in the lung structure. Those in 
close proximity to one another are uniting. They are composed mainly 
of mononuclear exudate cells intermingled with a few polymorphonuclear 
leucocytes and typical lymphocytes. The mononuclear exudate cells 
vary from a minority with irregular chromatin-rich nuclei and basophilic 
cytoplasm, to a majority with more oval chromatin-poor nuclei, distinct 
nuclear walls and a faint blue foamy cytoplasm. Many tubercles show 
central caseation (casea) where much necrotic cellular debris can be 
observed. The polymorphonuclear leucocytes are often most numerous 
in the centre of the tubercle or just at the periphery of the caseous mass. 
Here too tubercle bacilli are most numerous. They are not, however, 
found in polymorphonuclear leucocytes. Most of them are lying free 
in the degenerated area, while a few are in the cytoplasm of large mono- 


EARLY CELLULAR REACTIONS 85 


nuclear exudate cells (mon) surrounding the central caseous mass. At 
the periphery of the tubercle (per) are concentrated typical lymphocytes 
and plasma cells and many other types which have some characteristics 
of both the lymphocytes and the mononuclear exudate cells. These 
have been classified in this report as of the mononuclear exudate cell type. 
The tubercles by their extension have now involved the tissue adjoining 
larger blood-vessels and bronchi and their surrounding lymphoid foci. 


Fic. 6. A tubercle in the lung of a rabbit one month after intravenous injection of tubercle 
bacilli, which shows a central caseous area (casea) surrounded by mononuclear exudate cells 
some of which contain tubercle bacilli (mon!). The mononuclear exudate cells in general 
possess irregular eccentric nuclei and foamy cytoplasm. 


But even here lymphoid foci can be found which show no evidence of 
tuberculous change. Mitotic figures are just as rare in the tubercles 
at this stage as in those at the earlier periods. 


From the foregoing description it is evident that the first response 
noticeable in the lung tissue of rabbits after injection of tubercle bacilli 
in the dosage given is by the polymorphonuclear leucocyte, which phago- 
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cytoses these microérganisms, just as Yersin and Borrel first described. 
It is unnecessary to argue whether this is a specific reaction or not. Cer- 
tainly many other bacteria, dead protein particles, etc., elicit a similar 
response. The important fact is that the reaction was so prompt that 
even one hour after inoculation it was very difficult to find a bacillus not 
phagocytosed by a polymorphonuclear leucocyte. The objection may 
indeed be made that smaller dosage of bacilli might not have called forth 
the same response. In answer to this it may be said that, while 0.1 mgm. 
per kilogram body weight injected subcutaneously in a single mass is a 
large local dose, the same amount injected intravenously leads to focaliza- 
tions in which but a few bacilli (1-20) are concerned. Certain investi- 
gators, moreover, have not found any essential difference in the reaction 
to large and small doses of bacilli. Gardner (9) states that tubercle 
bacilli are never too few to call forth the early polymorphonuclear response 
(p. 405). Long, Vorwald and Holley (14) have recently noted an early 
exclusively polymorphonuclear-leucocyte response to extremely minute 
doses of human-type tubercle bacilli in the rabbit’s cornea. 

A point of more moment is the fact that the intravenous route of 
inoculation, with diffusion through the whole body, probably stimulates 
a rapid reaction on the part of the bone-marrow and rest of the haemopoi- 
etic system. However, parallel experiments in which tubercle bacilli 
were injected directly into the trachea called forth an intense polymorpho- 
nuclear response. 

In the present article no attempt has been made to make distinctions 
among the mononuclear exudate cells, although as exhaustive an analysis 
as was possible with fixed-tissue staining was made. This matter will 
be considered in detail in a later paper in which the cellular response to 
similar tuberculous injection in a variety of animals is described. 

A point of great importance still to note is the discrepancy between 
the results here reported and the well-known work of Krause (6) on pri- 
mary localization of intravenously injected tubercle bacilli in the lung. 
He has clearly described a primary focalization of tubercle bacilli injected 
intravenously in the rabbit in the intrapulmonic lymphoid tissue. In 
the experiments here reported such focalization was constantly sought 
and almost never found. In the few instances where tubercle bacilli 
were found in the pulmonary lymphoid nodules they were surrounded by 
polymorphonuclear leucocytes within the lympoid tissue, just as Krause 
pictured them ((6) (figure 7)). In these same animals, however, the 
overwhelming majority of primary focalizations of bacilli were as de- 
scribed above. 
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GENERAL SUMMARY 


At the earliest periods it was noted that the first cells to respond to the 
injected tubercle bacilli were the polymorphonuclear leucocytes, which 
were massed about and phagocytosing the microdrganisms. It was in 
foci of these leucocytes that bacilli were almost invariably found. This 
reaction was confined at first to the small capillaries, and later to the 
adjoining alveolar walls and spaces. By the fourteen-hour period, how- 
ever, the polymorphonuclear leucocytes with and without tubercle bacilli 
were being extensively phagocytosed by mononuclear exudate cells, 
which were by that time appearing in increasing numbers, while new 
polymorphonuclear leucocytes had ceased to appear. The tubercle 
bacilli were thus set free in the cytoplasm of the phagocytosing mononu- 
clear cells. As stages later than eighteen hours were approached the 
mononuclear exudate cells, with and without bacilli, began to dominate 
the reaction; ultimately they constituted by far the majority of cells 
in the typical tubercle. In the mature stage the majority of the mono- 
nuclear exudate cells had an oval, chromatin-poor nucleus and a large 
slightly foamy, pale blue cytoplasm (eosin-azure stain). Contrary to 
the clear descriptions of Krause (6), primary focalization of tubercle 


bacilli in the lymphoid aggregations was almost never seen. In almost 
every case the bacilli lodged in the alveolar capillaries, setting up subse- 
quent inflammatory reaction in the adjacent walls and alveolar spaces. 
Throughout all periods, the absence of mitotic figures in the cellular 
reactions was a striking feature. 


CONCLUSIONS 


1. The cells that respond first to an intravenous injection of human- 
type tubercle bacilli in rabbits (0.1 mgm. per kilogram animal weight) are 
the polymorphonuclear leucocytes. 

2. This reaction, while transitory, is not one of negligible significance. 
It is through the agency of the polymorphonuclear leucocytes that the 
site of subsequent development of the tubercle is determined. These 
cells phagocytose the tubercle bacilli in the blood-stream, and stagnate 
in small accumulations in the capillaries where the current is slow. In 
this way injected bacilli are concentrated’ and localized. The focalized 
accumulations of polymorphonuclear leucocytes form the groundwork 
from which the epithelioid tubercles develop. 

3. Mononuclear exudate cells are preponderant in the cellular response 
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after the first few hours (from 14-18 hours on). They mingle with the 
polymorphonuclear leucocytes, phagocytose and digest them and take 
up their content of tubercle bacilli. In this way, by replacement of the 
leucocytic mass, the mononuclear-cell tubercle, ultimately the epithelioid 


tubercle, develops. 
4. The increase in mononuclear exudate cells in the field of inflamma- 


tion, in almost total absence of mitotic figures in such foci, indicates that 
the majority of reacting cells of this type are haematogenous in origin. 
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THE INTERPRETATION OF APICAL LINEAR SHADOWS 
IN ROENTGENOGRAMS OF THE THORAX 


PAUL M. ANDRUS! 


A linear apical shadow in roentgenograms of the thorax was described 
by van Zwaluwenburg and co-workers in 1921 (1) (2) (3), and interpreted 
as thickening of the apical pleura. They termed the structure a “pleural 
cap.” 

It is described as a linear opacity seen in the first or second posterior 
interspaces on one or both sides. It varies in width from a fine line up 
to 3 or 4 mm., and may be of any density. The visceral margin of the 
opacity is characteristically sharply defined. The authors show, however, 
that this margin may become irregular; that from it tent-like projections 
may extend into the lung field; and that these may develop into paren- 
chymatous areas of tuberculosis. They state, “One can hardly escape 
the conclusion that this series represents the progress of a tuberculous 
infection from the pleura into the parenchyma of the lung.”’ In addition 
they hypothecate that this may constitute a common route of infection 
in pulmonary tuberculosis, with the tonsils or cervical lymph nodes as 
foci. They also record an incidence of 37.5 per cent of such shadows in 
the radiographs of normal students. The present study does not aim to 
analyze this concept, but to add certain observations that they may throw 
light on the nature and interpretation of apical linear shadows. 

The writer has observed such shadows, both sharply defined and ir- 
regular, since their description as above. 

From time to time, however, we have been attracted by the observation 
that, when lungs showing a sharply defined radiographic pleural cap 
were collapsed for therapy, the “cap” did not follow the lung but retained 
its original characters and position in relation to the bony cage. From 
this fact it follows that such structures may be parietal in origin. This 
condition has however obtained only in the case of opacities having a 
sharply defined visceral margin. In the’case of opacities having ir- 


1 Queen Alexandra Sanatorium, London, Ontario. Assisted by the National Research 
Council of Canada. 
89 


90 PAUL M. ANDRUS 


regular visceral margins with or without underlying parenchymatous 
areas, the shadow does not persist after collapse of the lung. 

A review was made of the films of all cases undergoing pneumothorax 
treatment in this institution during a two-year period. There were 188 
cases in all, of which 143 had sufficient collapse of the apex to allow satis- 
factory inspection of the pleural cupola. In 43, or 30 per cent, of these 
collapsed lungs, the pleural cap was observed. Inspection of the films 
taken before collapse was established, showed that in 23, or 53 per cent, 
of the cases showing pleural caps, the shadow was present with identical 
characters and relations before pneumothorax was instituted. In the 
remaining 20 cases showing this shadow after collapse, the cap was not 
seen before collapse of the lung, the area in each case- being obscured by 
parenchymatous deposits. Conversely, in no case was the cap seen 
before collapse and not visible in the pneumothorax films. 

The type of shadow which we have observed to persist after collapse 
of the lung has the following characteristics: It occurs only within the 
arc of the first rib and in the posterolateral quadrant of the apical cupola. 
Its direction is foward and outward but rather more anteroposterior than 
lateral. The visceral margin is very sharply defined, as if drawn with a 
fine pen, and is usually slightly concave toward the lung field. The 
density may be so light that only the line of the visceral margin is seen 
to suggest its presence. The average density is rather light. High 
densities occur but are unusual. The density is conspicuously homo- 
geneous in distribution. ‘The shadow can never be seen to cross the first 
rib. It appears to stereoscope immediately inside the first rib and is 
distinctly not a bony structure. The shadows commonly range from 
2 to 4 mm. in width, but may be wider or narrower, and are usually 
from 1.5 to 2 cm. in length. 

Such shadows are reproduced in figures 1 and 2 in collapsed and uncol- 
lapsed lungs respectively. The arrows indicate the “caps.” 

The characters and “behavior” of this shadow suggest that it is not 
due to thickened parietal pleura. The author knows of no way in which 
a diffusely thickened parietal pleura could be expected to regularly pro- 
duce a very sharply defined visceral margin. Adhesions between the 
visceral and parietal pleura in the apical cupola are of almost universal 
occurrence, and especially in the type of case which is subjected to arti- 
ficial pneumothorax. It then seems incredible that the peeling of the 
pulmonic apex out of the cupola could regularly leave this sharply de- 
fined structure unimpaired if it is composed of thickened parietal pleura. 
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[he sharp margin. of this structure may on occasion be seen crossing 
yands of apical adhesions from an incompletely collapsed lung. 


Fic..2 


A not unreasonable explanation of the occurrence of this shadow may 
be found in the structure known as Sibson’s fascia. This is described 
(+) (5) as a fibrous aponeurosis, passing from the anterior surface of the 
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transverse process of the seventh cervical vertebra to the inner margin 
of the first rib in front of the subclavian groove. It is variable in its 
occurrence and density, and assists in the support of the parietal apical 
pleura. This structure is indicated by arrows in a cross-section of the 
upper thoracic cage (figure 3) taken from Dickey (6). The plane of this 
section is oblique, following the lower border of the second rib. The 
observer is inspecting the thoracic inlet from below and behind, and thi: 
is also the position of the X-ray tube in the usual posteroanterior film 
It is then apparent that the position and characters of this anatomica! 


structure are coincident with those of the radiographic shadow we have 
described. 

In table 1 is given the incidence of this shadow in 1,083 stereoscopic 
pairs in which the apical areas were well visualized. It was seen in 34 
per cent of these films, and rather more frequently in the nontuberculous 
than in the tuberculous (37 versus 31 per cent). This may be due to 
better visibility, as a class, in films free from parenchymatous deposits, 
for it will be found that the incidence of such shadows is dependent to 
a considerable extent on the technical excellence of the films. 

Whether or not the above suggestion as to the source of this shadow 
is the correct one, its incidence and behavior distinctly indicate that it is 
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not a pathological structure. It is therefore most important that this 


shadow be clearly differentiated from those due to apical deposits which 
may have important pathological and clinical significance. 


APICAL PULMONARY SCARS 


A further source of apical linear opacities has however been observed 
by this author in the course of pathological studies. In these studies 
the characters of radiographic shadows have been correlated with the 
macroscopic and microscopic findings in lungs obtained at autopsy. The 
material was largely obtained from general hospitals as being more in- 


TABLE 1 
Incidence of apical linear shadows in 1,083 stereoscopic pairs 


FILMS SHOWING 


PARENCHY- 
MATOUS, 
NUMBER 


TUBERCU- 
LOUS, PER 
CENT 


NO PAREN- 
CHYMATOUS, 
NUMBER 


NONTUBER- 
CULOUS, PER 
CENT 


TOTAL 


Number 


Per cent 


Apical cap 


165 


31 
34 


202 
111 


37 
20 


367 
291 


34 
27 


Tuberculous scars 180 


TABLE 2 
Distribution of apical caps (367 cases) 


NUMBER PER CENT 


Bilateral 25 
Left only 23 
Right only 52 


formative than that obtained from those dying of advanced pulmonary 
tuberculosis. 

The incidence of macroscopic apical scarring in this type of material has 
been high. The most common type of lesion has consisted of retracted 
and deeply pigmented areas which are slightly thick and hard to the 
touch but quite superficial. Like the normal lung pigmentation, they 
show a decided tendency to occur as linear deposits along the interspaces 
and to be absent in the depressions caused by the ribs. Such a scarred 
formation as seen in the radiograph of gn extirpated lung is shown in 
figure 4. Although the edges of such scar-chainsare very apt to be roughly 
linear, they are never sharply defined as in the previously described 


shadows. For convenience of description in what follows we shall term 
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the sharply defined and presumably extrapulmonary shadow, an apical 
cap, and scarred opacities occurring in and under the visceral pleura as 
apical scars. 

Microscopically such scarred areas consist essentially of a pleural and 
subpleural fibrosis. Tubercles may be entirely absent, may be suspected 
from the occurrence of giant cells, or may be frankly present. The radio- 
graphic shadows cast by such areas may appear essentially the same, ir- 
respective of the presence of tubercles. From the pathological standpoint 
we take it that all such deposits are presumed to be of tuberculous origin, 
whether or not tubercles are demonstrated.? 


Fic. 4 


Here then we have a very definite source of linear apical shadows, 
but one which cannot take on the radiographic characters of the sharply 
defined apical cap described in the earlier part of this paper. 

The radiographic characters of this scarred type of opacity in the ex- 
tirpated lung are seen in figure 4, and in the living subject in figure 5. 
Reproduction under the latter conditions is of course decidedly inferior 
to the former. The essential features by which opacities due to tuber- 
culous scarring may be differentiated from those described as apical caps 
are as follows: 


2 All schools of pathological thought are not in agreement on this point. 
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The radiographic shadow of the tuberculous scar, although often linear 
n character, has never the pen-line edge of the apical cap. Scars may 
ippear over any part of the apical pleura and may lie at any angle in 
‘elation to the body, as opposed to the distribution of the cap. Further- 
nore, they may be quite unhomogeneous in density, due to the inclusion 
f normal or emphysematous air-cells. These features constitute the 
thief points of differential interpretation. When familiarity with both 
types of shadow is acquired, the differentiation is rarely in doubt. An 
apical linear shadow that does not rather clearly conform to the position 


5 


and characters of the so called apical cap, is probably a scar on the vis- 
ceral pleura. Bony and soft tissue edges must, of course, be excluded. 

Familiarity with the macroscopic and radiographic characters of the 

common apical scars in extirpated lungs is an invaluable aid to the roent- 
senologist. Effort expended in acquiring and studying such specimens 
vill very richly reward those who interpret X-ray films of the thorax. 

I am reminded of a story to the effect that Adam inquired of Eve why 
he so named Niagara Falls. ‘‘Well, it looks like Niagara Falls,” was 
he reply. And so with apical opacities. Familiarity with anatomical 
pical scars will enable the roentgenologist to readily determine when 
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such shadows look like fibroid tuberculous deposits. Without such ac- 
quaintance the interpretation of obscure apical shadows becomes more 
or less guesswork. 

We may add that all apical scars are not linear in character, and from 
familiarity with necropsied lungs it is frequently possible to differentiat« 
irregular-shaped scarson the pleura from intrapulmonary parenchymatous 
areas. 

The biological réle of such scars is familiar to the internist. Th 
interpretation of their presence does not, of course, constitute a diagnosis 
of a clinical type of tuberculosis. 


NUMERICAL INCIDENCE 


There remains to indicate the numerical incidence of the shadows we 
have discussed. To determine this, a survey of routine stereoscopic 
chest-films was made until about a thousand had been found in which 
the apical areas were sufficiently well shown to admit of classification. 
A further eight hundred were discarded because the apices were obscured 
by tuberculous deposits. 

The thousand selected films were nearly equally divided as to the pres- 
ence or absence of parenchymatous tuberculous shadows. The incidence 
of apical caps and tuberculous scars, as described in this article, is shown 
in table 1. 

The frequency of the apical cap has already been discussed. We do 
not regard the figures as to apical scars as particularly significant. The 
demonstration of presumptive tuberculous scars in 20 per cent of non- 
tuberculous individuals, is well below the known incidence of such de- 
posits. The above frequency of scars associated with parenchymatous 
areas is not representative of tuberculosis as a class, as these cases were 
selected only because the apices could be well seen. 


THE SUBCLAVIAN-ARTERY SHADOW 


A further type of linear apical shadow may be seen, and should be 
mentioned to avoid confusion with the foregoing. This shadow is a 
homogeneous opacity with a sharply defined lower border, concave down- 
ward. It is seen beneath the third (occasionally second) posterior rib 
and practically always on the left side only. A vertical continuation is 
often seen passing to the aortic arch medially. This shadow corresponds 
with the position of the subclavian artery, and we presume this to be the 
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source. It occurred in 132 out of the above, 1,083 films, an incidence of 
12 per cent. It is usually obscured by the ribs and clavicle and is il- 
lustrated in figure 6. In only three cases in this group was a similar 
shadow seen on the right side, and then only faintly. The probable 
cause of this distribution is as follows: It is well recognized that an artery 
filled with blood may cast a fairly dense and sharply defined radiographic 
shadow, but that the thin-walled veins are not so characterized. On the 
right, the innominate and subclavian arteries are eclipsed by the large 
inferior vena cava and innominate veins, but are not so covered on the 
left. This, then, offers the probable explanation of the nature and oc- 


oe 
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currence of this shadow. It is important that the opacity be not inter- 
preted as a parenchymatous area and that the lower margin be not con- 
fused with the linear shadows discussed in the earlier parts of this paper. 


We are indebted to Dr. Chas. W. Macklin, Chief of the Department of Anatomy of the 
University of Western Ontario, for the suggestions as to the possible anatomical nature of 
the structures described. 
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THE EFFECT OF PARALYSIS OF THE HEMIDIAPHRAGM 
ON INTERCOSTAL ACTIVITY: 


JOSEPH W. GALE anp WILLIAM S. MIDDLETON 


Paralysis of the hemidiaphragm, temporary or permanent, has come to 
occupy an important and rapidly extending position in the therapy of 
pulmonary affections. In general its proponents have recognized two 
sound explanations for its efficiency. In the first place paralysis of 
the hemidiaphragm by one of several methods induces physiological rest. 
The measure of such rest is determined by the degree to which diaphrag- 
matic contraction may have been responsible for respiratory activity 
in a given individual prior to the block or division of the phrenic nerve. 
Obviously a diminution in the blood- and lymph-flow through the lung 
might be anticipated under the conditions of decreased motility. Second, 
the elevation of the diaphragm attendant upon this procedure leads to 
a relaxation of the lung and a reduction of its volume. 

Comparatively little attention has been paid to the most simple aspect 
of the altered physiology attendant upon the paralysis of the hemidia- 
phragm. External respiration depends upon an interesting interrela- 
tionship between certain mechanical factors. For practical purposes 
the lungs may be considered as elastic sacs or series of sacs contained 
within the bony thoracic cage and held in apposition thereto by the 
negativity of the intrapleural pressure. The rigid cervical fascia com- 
pletes this cage cephalically, whereas caudally the fibromuscular septum 
of the diaphragm closes the thoracic cavity. The angles of articulation 
of the several ribs with the subjacent transverse processes of the ver- 
tebrae delimit the arcs of movement of the ribs anteriorly. By reason 
of the negative intrapleural pressure the elastic lungs follow the thoracic 
cage with very slight inertia through the varying phases of respiration. 

The motive force for the respiratory movements is supplied by nu- 
merous muscles, many of which are called into play only under unusual 
conditions. To the clarification of this subject Hoover’s contributions 
(1) (2) (3) have been particularly illuminating. For simplicity these 


1 From the Departments of Surgery and Medicine, Wisconsin General Hospital, University 
of Wisconsin, Madison, Wisconsin. 
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muscular forces may be reduced to include only three important groups. 
In the first place the scalene muscles, arising from the transverse processes 
of the third to the seventh cervical vertebrae and inserting into the first 
and second ribs, fix these ribs in moderate and deep inspiration for the 
action of the intercostal muscles below. The intercostal muscles, by 
reason of the axes of rotation of the necks of the ribs previously mentioned, 
bring about an undulatory movement in the anterior arcs of the upper 
five pairs of ribs, whereas below this level the movement is typically that 
of the bucket-handle. The contraction of the intercostal muscles on 
inspiration leads to an increase in the anteroposterior and in the lateral 
diameters of the thorax; but the elevation of the ribs on inspiration defi- 
nitely reduces the longitudinal axis. The diaphragm, which arises from 
the lumbar vertebrae, the lower six ribs and their cartilages and the 
xiphoid cartilage and passes through a sweeping arc cephalad and mediad 
to insert into the central tendon, preserves the longitudinal dimension 
of the thorax by its piston-like descent on inspiration. Not only is the 
diaphragm the antagonist of the intercostal muscles in this direction, but 
Hoover has also pointed out that in chests of normal contour under ordi- 
nary conditions the intercostal muscles tend to widen the subcostal angle 
and the diaphragm to narrow it. Normally the intercostal muscles hold 
the mechanical ascendency over the diaphragm in that the costal margins 
move slightly outward on inspiration. The degree of movement of the 
costal margins is established by the algebraic sum of these two forces. 
Accordingly in disease and more particularly in the altered mechanics of 
therapeutic procedures a new significance attaches to the study of 
costal margin movements as well as to the costal movements in general. 


LITERATURE 


After phrenic block Roith (4), 1926, first reported increased movement 
of the thorax on the operated side. Dimer and Mecklenburg (5) in the 
same year reported that following phrenic block the lung continued to 
take the same part in respiration as the one on the contralateral side, and 
furthermore that the paradoxical movement of the paralyzed half of the 
diaphragm was of such degree as to prevent rest and that only the lower 
part of the lung was compressed. They also found that the amount of 
this compression gradually lessened as the apex was approached. Later 
Schnippenkétter (6), working on cats, found that these animals showed 
an increase in the respiratory excursion at the apex on the operated side, 
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followed later by an hypertrophy of the intercostal musculature. Lemon 
(7), 1929, basing his work upon experiments on the dog and clinical ob- 
servation on human beings, obtained contradictory results in that he 
did not find any difference in the respiratory excursion of the operated 
side. Indeed, it was impossible for him to establish the operated side 
by observation of the respiratory movements alone. 

Head (8), working with dogs, found that the costal-margin movements 
were not always uniform in their response after phrenic block. Con- 
firming Hoover’s work he observed that animals with a long narrow thorax 
and high diaphragm always showed a decrease in the movement on the 
operated side. The other group with a low diaphragm and a broad 
thorax showed a consistent increase in the movement of the costal margin 
and at the level of the third rib after operation. Those animals with 
extensive diaphragmatic adhesions showed a much greater degree of 
increase in motion than those without adhesions. Head also found de- 
finite increase in the costal-margin movements following phrenic block 
in two human beings, each of whom had extensive diaphragmatic adhe- 
sions. Before operation this circumstance had entirely overpowered 
the customary advantage of the antagonistic intercostal action, with the 
result that during inspiration the costal margins had been drawn inward 
rather than outward. His observation on 200 patients who had pre- 
viously had phrenic block presented evidence of increased movement on 
the operated side in a majority of cases. These observations were con- 
tradictory to those of Lemon but quite in agreement with those of the 
earlier workers. 

In view of this divergence of opinion an objective determination of 
the actual state of affairs incident to interruption of the phrenic-nerve 
supply to the hemidiaphragm was deemed advisable. 


TECHNIQUE 


The method employed to record the movements of the thorax was 
simple. Under novocaine anaesthesia small transverse incisions were 
made on the right and left sides over the third rib and at the eighth 
costochondral junction. The underlying tissues were separated and the 
rib exposed. A silk suture was then passed through the periosteum 
grasping enough of this structure to ensure a firm anchorage. Both ends 
of the suture were then threaded through a large curved needle which in 
turn was passed through the muscles and subcutaneous tissue to emerge 
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through the skin about two inches below the line of incision. This 
was done to prevent any cross-pull by these structures. The sutures 
were in turn connected by silk leads to the recording kymographic drum 
at the foot of the table. Readings were taken to establish the normal. 
Phrenic exairesis was then done and a second set of readings made. 
Further observations were made up to the seventh day postoperatively. 
It is worth while to mention here one pcint which has a direct bearing 
on the experiment; and in certain instances, if not observed, it may dis- 
guise the results and lead to incorrect conclusions. If enough novocaine 
is not injected under the periosteum or if too much time elapses between 
the first and second readings, traction may be painful, due to loss of 
anaesthesia. This results in an involuntary muscle splinting on the 
painful side and reduced motion. This has occurred in patients upon 
whom readings were taken a few days after operation. In one instance 
in which this was encountered, less movement was found on the operated 
side, which happened to be the painful one. When novocaine was in- 
jected with resultant relief of pain, increased motion was recorded. 
Several patients have volunteered for this study, and the readings on 
two representative patients are shown (figures 1, 2). In figure 1 it will 
be noted that the readings were taken at two levels. In all cases the 
results have been the same, namely, a definite increase in movement 
on the affected side. Figure 2 is included to demonstrate the added 
point that the increase in movement of the costal margins may be bilateral. 
In this particular patient the definite increase in this movement on the 
contralateral side is not surprising when the findings on physical and 
roentgenological examination are considered. The lesion was of the 
chronic productive type, involving the right lung in its entirety. There 
were many costodiaphragmatic adhesions, marked displacement of the 
heart to the side of the lesion, also apical adhesions and an obliterative 
pleurisy of such degree that the movement of the involved lung was mark- 
edly reduced below normal. After operation the affected side shows 
definite increase in movement at the costal margin as compared with that 
before operation. ‘The intercostal muscles have increased their degree 
of dominance of the situation. The contralateral side of this patient 
shows a marked increase in excursion. This is due to two factors, namely, 
paralysis of the contralateral hemidiaphragm with relaxation has elimi- 
nated to a certain degree the fixation of the heart and mediastinum, 
allowing them to assume a more normal position and simultaneously 
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iffering less restriction of movement of the unaffected side. Then, too, 
he increased burden placed upon the unaffected side as a direct result 


Right third - before operation Left third - before operation 
Right third = after operation Left third = after operation 


VAAN 


Left eighth = before operation 


Right eighth — after operation Left eighth — after operation 


Fic. 1. Readings taken on a patient who had the lesion on the right side. Readings A 
and A’ show the movement at the level of the third rib before and after phrenicectomy; 
B and B’, the movement of the costal margins taken at the eighth costochondral junction. 


Ae Right lower - before operation B. Left lower = before operation 


A 


A*, Right lower = after operation BY, Left lower - after operation 


Fic. 2. Readings taken on patient with the lesion on the right side. A, A’ show reading 
it the eighth costochondral junction before and after phrenicectomy on the right side. B, 


3’ show reading taken at the same level but on the left side before and after phrenicectomy. 


f the diminution in the vital capacity of the operated side would neces- 
arily bring about a compensatory overactivity. 
In fig. 1 the patient had no restriction of diaphragmatic excursion be- - 


Right eighth = before operation PO] 
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fore operation. It is interesting to see the difference in movements re- 
corded at the upper and the lower levels. The readings, as taken, do 
not give a true picture of the upper chest-movement, because at this 
level, as has previously been mentioned, the motion of the ribs is not 
the characteristic bucket-handle movement seen below. By the elimi- 
nation of the antagonistic hemidiaphragm through phrenic section a 
definite increase in intercostal activity has been effected. Here virtually 
a reverse of the phenomena observed in figure 2 may be noted. In this 
patient (figure 1) the intercostals have not been restricted in their activity 
by adhesions prior to phrenic block and the final result is manifest through 
homolateral intercostal overactivity without a proportional increase 
on the contralateral side as observed in figure 2. This may be explained 
by assuming that the unrestricted intercostal activity on the affected 
side has assumed its full share in compensating for the loss of diaphrag- 
matic function. 


DISCUSSION 


For many years the earlier workers, Sauerbruch (9), Sultan (10) and 
others, considered phrenic block only of diagnostic and prognostic im- 
portance. More recently, however, its value as a therapeutic measure 
has been appreciated and it is now employed as an independent and ad- 
junct operation in both tuberculous and nontuberculous diseases of the 
chest. Matson (11), 1930, reported a careful study of 66 cases of tuber- 
culosis following phrenicectomy and found in several instances that no 
further surgery was necessary. He is convinced that phrenic block can 
now be considered as an independent procedure and may bring about an 
arrest of the disease in certain cases of unilateral pulmonary tuberculosis 
without any further surgical interference. Among others, O’Brien (12) 
has reported a large series of cases with a high percentage of excellent 
results. 

It is well known that a very definite group of patients show no improve- 
ment or are made worse following phrenic block. Ifthe group improperly 
chosen for the procedure be eliminated, there still remains an appreciable 
series of unexplained cases reacting unfavorably. Physiological rest is 
one of the most important prerequisites in the treatment of pulmonary 
tuberculosis, and the adequacy of the final result is proportional to the 
degree of rest obtained. Following phrenic block several phenomena 
occur as mentioned above. Of distinct value is the elimination of the 
powerful piston-like action of the hemidiaphragm with its mobilization 
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of toxins by the blood- and lymph-streams. Simultaneously there is 
also a diminution in the size of the thoracic cage on the homolateral side 
with a certain degree of relaxation and compression of the underlying 
lung. These factors are favorable to the defense reactions of the body 
and in many instances add enough to the patient’s resistance to bring 
about marked improvement or even arrest of the disease. Another 
phenomenon which occurs following phrenic block is the increased motion 
(figures 1, 2) dependent upon the overactivity of the intercostal group. 
This increase, which is quite marked immediately after operation, must 
continue to be operative with atrophy and complete loss of the tone in 
the diaphragm during the ensuing period.2 This may play an important 
role in the group of cases which reacts poorly to the operation. 

It was because of these observations that adjunct operations have been 
suggested to overcome this undesirable factor. During the past two 
years the scalene muscles have been particularly studied and their im- 
portance established (13). Their division under local anaesthesia is a 
simple operative procedure unattended by shock. In one patient upon 
whom phrenic block had been performed three months previously without 
improvement, a scaleniotomy produced almost complete immobilization 
of the upper thorax on the homolateral side followed by a fall in the tem- 
perature to normal within 24 hours after operation. It continued to 
remain normal until three months later, when it was deemed advisable 
to institute more radical surgical measures to close a large cavity near the 
apex which was responsible for copious sputum. 

Alexander (14), 1929, reported excellent results in a group of patients 
through the combination of phrenic block and multiple intercostal neu- 
rectomy. By this procedure he overcame to a great extent the increased 
movement resultant from phrenic block through intercostal activity. Of 
the important muscles of respiration Alexander leaves only the scalene 
group intact. Simultaneous scaleniotomy, phrenicectomy and upper 
intercostal neurectomy (second, third, fourth and fifth intercostal nerves) 
produce almost complete apical immobilization without the extensive 
anaesthesia encountered upon severance of all the intercostal nerves. 
One patient in the Wisconsin General Hospital suffering from a right 


2 Conceivably the costal flare on inspiration may later become diminished as the costal 
angle on the affected side tends to widen when the intercostal muscles are unopposed by the 
diaphragm. The higher intraibdominal pressure may also contribute to the increase in the 
angle. At the present time a series of cases is under observation with the thought of establish- 
ing the influence of this factor in the ultimate course of phrenicectomized subjects. 
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apical tuberculosis had received a permanent phrenic block one year 
previously. Improvement did not ensue. With a scaleniotomy and 
upper intercostal neurectomy he has shown definite subjective and ob- 
jective improvement but sufficient time has not elapsed to determine 
the final result. 


SUMMARY 


1. Phrenic block, with resultant paralysis of the hemidiaphragm, re- 
laxation and compression of the lung, produces a certain measure of 
physiological rest. 

2. This rest is not complete when other mechanical factors are con- 
sidered (namely the action of the intercostal and scalene muscle groups). 

3. Following phrenic block there is overactivity of the intercostal 
‘muscles, as reflected in increased movement of the thoracic cage at the 
level of the third and eighth ribs on the homolateral side. 

4. This overactivity may well explain the unfavorable results obtained 
in a certain group of patients following this operation. 

5. Certain adjunct operations (scaleniotomy and upper intercostal 
neurectomy) have proved of definite therapeutic value when performed 
simultaneously with phrenic block or at a later date to supplement the 
latter. These procedures decrease or abolish the overactivity of these 
two muscle groups induced by phrenic block, and at the same time con- 
serve the desired results of the latter operation, thus promoting more 
complete physiological rest. 
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THE ASSOCIATION OF TUBERCULOSIS AND CARCINOMA! 
FINIS G. COOPER 


The association of tuberculosis and carcinoma has been the subject of 
study by numerous pathologists and clinicians for many years. Bayle, in 
1810, observed that carcinoma and tuberculosis may exist in the same 
lung, and he felt that the two diseases should be differentiated. Prior 
to the establishment of the infectious nature of tuberculosis, attempts 
were made to prove the identity of these diseases. Von Heider, in 1866, 
practically assumed that carcinoma and tuberculosis were only different 
manifestations of the same constitutional affliction. Burdel, in 1872, 
attempted to induce tuberculosis by the injection of carcinomatous 
material. McConkey, in 1908, expressed the opinion that the bacillus 
of tuberculosis might be the cause of carcinoma. He maintained that in 
tuberculosis the formation of the tubercle produces limitation of the 
disease, whereas in carcinoma no such restriction occurs. Rokitansky’s 
belief that the two diseases are antagonistic is stated in the following: 
“Cyst formation, as a new growth, is rarely found concurrent with 
tubercle, either in the same organ or in the same organism generally. A 
similar antagonism, as shown from still more numerous observations, 
prevails between tubercle and carcinoma.” Rokitansky then listed 
certain organs in which these diseases appeared directly opposed to one 
another in frequency. 

In previous studies of the relation of carcinoma and tuberculosis three 
methods have been followed: the statistical, the experimental, and the 
presentation of case reports. The present study is an attempt to review 
the literature comprehensively, to collect reports of cases of carcinoma 
and tuberculosis coexistent in the same organ, and to present additional 
cases observed at The Mayo Clinic in which the two diseases have been 
intimately associated. No attempt has been made to review the numer- 
ous reports of cases in which the two diseases have been found in the same 
subject in widely separated organs. 

1 Abstract of a thesis submitted to the faculty of the Graduate School of the University 
of Minnesota in partial fulfilment of the requirements for the degree of Master of Science in 


Surgery, 1930. Work done while a Fellow in Surgery, The Mayo Foundation, in the Section 
on Surgical Pathology, The Mayo Clinic, Rochester, Minnesota. 
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STATISTICAL STUDIES 


Almost all published statistical reports on these two diseases have been 
made on necropsy data; however, certain observers have attempted to 
establish a family relationship between them. Cooke, Burdel and 
Williams have reviewed the family history of patients with carcinoma 
whose ancestors had tuberculosis. Williams found a history of tuberculo- 
sis in 151 (47.7 per cent) of 316 families with histories of carcinoma. He 
stated that tuberculosis was the most prevalent disease among the rela- 
tives and they were more prone to it than were other residents of the 
community. He stated his belief that most patients with carcinoma were 
the surviving members of families with histories of tuberculosis. 

Aronsohn reported 26 cases of tuberculous patients whose relatives 
had carcinoma. These data have been criticized because they represent a 
relatively small number of selected cases. 

In considering family relations, Beneke’s conception of constitutional 
predisposition for diseases and the possibility of a hybrid constitutional 
susceptibility for these two diseases should be borne in mind. 

Cherry and Hirschowitz have presented statistics which indicate that 
the incidence of carcinoma increases in proportion to the decrease in the 
incidence of tuberculosis. 

Lubarsch, in 1888, examined 6,536 records made at necropsy and found 
2,668 cases of tuberculosis and 569 cases of carcinoma. Among the 2,668 
cases of tuberculosis there were 117 (4.4 per cent) in which carcinoma 
was associated. Among the 3,868 cases without tuberculosis there were 
452 (11.7 per cent) in which carcinoma was associated. Of the 569 
cases of carcinoma tuberculosis was associated in 117 (20.6 per cent); 
and of the 5,967 cases without carcinoma tuberculosis was associated in 
2,251 (42.7 per cent). These data indicate that carcinoma is found more 
than twice as often in nontuberculous as in tuberculous cases, and that 
tuberculosis is found twice as often in noncarcinomatous as in carcino- 
matous cases. Lubarsch stated that the combination of carcinoma and 
tuberculosis occurs in five different forms: (1) a chance coincidence 
between the two diseases, neither having any apparent relation with the 
other; (2) metastatic carcinoma developing secondarily on an old or 
recent tuberculous lesion; (3) secondary infection with bacilli of tuber- 
culosis in a growing carcinoma; (4) chronic progressive tuberculosis in 
which carcinoma develops; and (5) simultaneous development of both. 
Roth, in 1889, from a series of 4,114 postmortem examinations, 
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reported 194 cases of carcinoma (4.7 per cent) and 387 cases of tuberculo- 
sis (9.4 per cent). 

Zahn, in 1902, in a series of 6,320 postmortem examinations, found 
2,058 cases of tuberculosis, 1,893 of the florid type. He found 76 cases of 
carcinoma (3.69 per cent) among the 2,058 cases of tuberculosis, and 
forty-one (53.94 per cent) of these seventy-six were among the florid 
cases. 

Ophiils, in 1926, in a statistical survey of 3,000 reports of necropsy, 
found 397 cases (13 per cent) of carcinoma and 4 per cent of sarcoma, a 
total of 17 per cent of malignant cases. In the same survey he found 632 
cases (21.6 per cent) of active tuberculosis. 

Suzue, in 1927, studied the dissection protocols of the Pathological 
Institute of the Kyoto Imperial University. His observations were only 
on subjects aged more than twenty years. In 4,207 reports of necropsy 
he found 588 cases (13.9 per cent) of carcinoma and 890 cases (21.1 per 
cent) of tuberculosis. Like Rokitansky, he called attention to the 
various organs in which the diseases are relatively common and uncom- 
mon. He noted that in cases of carcinoma associated with tuberculosis 
metastasis is rare in comparison with cases affected by carcinoma only. 

Recently Pearl, of Johns Hopkins University, reported a detailed 
study of 7,500 reports of necropsy in which he found 816 cases of car- 
cinoma. For comparative study he selected 816 cases without carcinoma 
in which subjects were of the same age, sex and race, and the time of death 
was approximate. He found that active tuberculosis occurred in only 
6.6 per cent of the cases of carcinoma whereas in the control group there 
were more than twice this number (16.3 per cent). Healed lesions of 
tuberculosis, however, were found with almost equal frequency in the 
two groups. He then compared 886 cases in which tuberculosis was 
active at the time of death, among which were 11 malignant cases (1.2 
per cent), and 886 cases without tuberculosis among which were 83 
malignant cases (9.3 per cent). The data seemed to show an antagonism 
between active florid tuberculosis and carcinoma which disappears when 
the tuberculous process retrogresses or heals. Because of this apparent 
antagonism he suggested that tuberculin might be of use in the treatment 
of carcinoma. This suggestion was not new, however, for McCaskey, in 
1902, wrote: ‘In view of these apparent antagonisms, and the occasional 
retrocession of carcinoma after the use of tuberculin, it would seem worth 
while to try the systematic local injection of tuberculin in the cancerous 
tissue.” Pearl was also familiar with the work of Dabney who in 
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1916 reported two cases of malignant tumor in which tuberculin had 
been used. 

Six months after Pearl’s report, Carlson and Bell, using a larger series 
of cases (11,195), reported that Pearl’s conclusion of an antagonism 
between the two diseases was not justified. They pointed out the fact 
that patients usually die of one major disease aside from arteriosclerosis 
and terminal infections. They stated that the only way in which active 
tuberculosis could be said to prevent carcinoma was by causing the death 
of the patient before carcinoma had had an opportunity to develop. 
They presented figures which agreed with those of Lubarsch, Pearl and 
others that active tuberculosis is much less common in carcinomatous 
than in noncarcinomatous subjects and that carcinoma is much less 
common in cases of active tuberculosis than in cases without tuberculosis 
or with healed tuberculous lesions. But in their judgment this did not 
prove an antagonism between the two diseases. They studied a control 
group of 1,600 cases of death associated with cardiac disease and found a 
still lower incidence in active tuberculosis after the age of thirty years 
than in cases associated with malignant tumor. Also they found that 
carcinoma was much less common in association with cardiac disease than 
with active tuberculosis. Therefore, they concluded that if these results 
meant antagonism there is more antagonism between cardiac disease and 
tuberculosis and carcinoma than between carcinoma and active tuber- 
culosis. They believed it possible to show that active tuberculosis is less 
common in cases of accidental death than in cases of death from natural 
causes. They stated that Pearl’s control cases consisted of a heterogene- 
ous group and that the only proper control for the association of active 
tuberculosis and carcinoma is the incidence of active tuberculosis with 
some other disease. 

Within the same year that the two preceding reports were published, 
Fortune studied the frequency of active and healed tuberculosis in 514 
cases in which the patients died of malignant disease and in 514 control 
cases of patients of the same sex, color and approximate age. Among the 
malignant series he found 27 cases (5.3 per cent) of active tuberculosis 
and 126 cases (24.5 per cent) of healed tuberculous lesions; in the control 
series he found 58 cases (11.3 per cent) of active tuberculosis and 150 
cases (29.2 per cent) of healed tuberculous lesions. He then eliminated 
three cases from his malignant series in which death was due to active 
tuberculosis. He also eliminated 34 cases from his control series in which 
death was due to tuberculosis and added 31 additional control cases for 
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comparison with the remaining 511 malignant cases. Deaths due to 
active tuberculosis were eliminated in order to avoid the question of in 
how many of these malignant disease might have developed if the 
patients had not died of tuberculosis. The percentage of active tuber- 
culosis in the remaining malignant cases (4.7 per cent) and the new control 
cases (5.3 per cent) was then almost equal. He therefore concluded that 
in this series there was no evidence of antagonism between active tuber- 
culosis and malignant tumor. 

Nearly all observers are agreed that healed tuberculous lesions are 
found with equal frequency in cases with carcinoma and in cases without 
carcinoma. ‘Therefore, apparently a latent tuberculous infection is 
without bearing on the development of malignant tumor. 


EXPERIMENTAL STUDIES 


The results from the experimental studies have not been conclusive 
and some of the reports have been contradictory. Centanni and Rezzesi, 
in 1926, inoculated mice of a strain highly resistant to the bacillus of 
tuberculosis with transplantable carcinoma or carcinomatous tissue, and 
carcinoma developed in almost all of the animals inoculated. They 
found that injection of a mixture of carcinomatous cells and of living 
bacilli of tuberculosis did not produce tumor. Simultaneous injections 
of the tumor cells into one part of the body, and the bacilli of tuberculosis 
into another part, inhibited the development of the tumor, but in some 
instances this inhibition was only temporary. Previous infection with 
tubercle bacilli delayed the development of the subsequently inoculated 
tumor. Injection of bacilli into the tumor partially destroyed it but 
some of the mice died of toxaemia. Dead tubercle bacilli did not in- 
fluence the growth of the tumor in parallel experiments. Tuberculin 
mixed with the tumor emulsion retarded the growth of the tumor. 

Cherry, in 1929, studied the incidence of spontaneous tumors in white 
mice. He injected small numbers of tubercle bacilli beneath the skin in 
96 mice. The incidence of tumors in stock mice was 6 per cent. After 
the inoculation this rose to 55 per cent in the male mice and 71 per cent 
in the female. About a third of these tumors were mesoblastic and 
two-thirds were epithelial. He felt that his experiments afforded pre- 
sumptive evidence that the bacillus was the indirect but essential agent 
in the production of neoplastic growth in these mice. 

Teutschlaender, in 1930, reported his results following the injection of 
Rous chicken sarcoma into the pectoral muscles of young roosters and 
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Carcinoma and lupus or cutaneous tuberculosis 


TABLE 1 


AUTHOR 


COMMENT 


1879 
1887 
1888 


1894 
1901 
1909 
1919 


1921 
1930 


1930 


Duvergey 
Kaposi 
Raymond 
Bayha 


Haug 
Ashihara 
Jadassohn 


Hoffmann 


Wichmann 
Cooper 


Cooper 


Reported two cases 


Reported three cases 

Reported fifteen cases 

Reported five cases of carcinoma developing in active lupus and 
eleven cases of carcinoma in lupus scars 

Woman aged forty-two years; carcinoma developed in a tuberculous 
ulcer of the right ear; bacilli of tuberculosis found 

Reviewed 122 cases, including three of his own 

Reviewed sixty-three cases, including three of his own 

Man aged forty-seven years; basal-cell carcinoma and tuberculosis 
removed from forehead 

Found nineteen cases of malignant tumor in 1,557 cases of lupus 

Man aged sixty-five years; both diseases found in the same micro- 
scopic field; specimen removed from the upper lip 

Woman aged sixty-five years; carcinoma and tuberculosis in a tumor 


removed from the parotid region 


Carcinoma and tuberculosis of the upper part of the respiratory tract 


TABLE 2 


DATE 


COMMENT 


1891 
1894 
1894 
1895 
1900 
1912 


1913 


1918 


1921 


1925 
1927 
1928 


AUTHOR 
Zenker 70 M. 
Crone 53 M. 
Baumgarten | 44 F. 
Jackins 
Garel 
Herxheimer 

and Reinke 
Harris 45 M. 
von Lénart 56 M. 
Lorrain 
White 
Chabaud 
Mackenty 66 M 


Typical tubercles in squamous-cell carcinoma of larynx; 
tubercle bacilli not found 

Tubercle bacilli, giant cells, and carcinoma in larynx; 
bilateral pulmonary tuberculosis with cavity in right apex 

Typical giant cells with tubercle bacilli scattered among the 
carcinoma cells in larynx; metastasis from both processes 
into the thyroid gland, lymph nodes and skin 

Case of lesions in larynx; no details 

Case of lesions in larynx; no details 

Case of lesions in larynx; no details 


Squamous-cell carcinoma with miliary tuberculosis in 
larynx; tubercle tacilli found 

Squamous-cell carcinoma associated with tuberculosis of 
larynx; giant cells; tuberculosis also in regional lymph 
nodes 

Tumor removed from right nasal septum, composed of 
tuberculous tissue in which areas of squamous-cell car- 
cinoma were present; giant cells and tubercle bacilli 
found 

Case of lesions in larynx; no details 

Case of lesions in larynx; no microscopic data 


.| Pulmonary tuberculosis; tubercle bacilli in the sputum; 


squamous-cell carcinoma with tuberculosis in subepi- 
thelial layer of larynx; numerous typical giant cells and 
tubercles 
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TABLE 3 
Primary carcinoma and tuberculosis of the lung 


AUTHOR 


AGE AND 
SEX 


METHOD OF STUDY 


COMMENT 


Bristowe 


Clarke 
Gordon 


Friedreich 


Friedlander (74) 


Hildebrand 


Puech 


Wolf (216) 


Wolf (216) 


Wolf (216) 


Wolf (216) 


48 M. 


.| Clinical 


.| Clinical 


.| Clinical 


.| Clinical 


Postmortem 


.| Clinical and 


postmortem 


Postmortem 


and 
postmortem 


.| Postmortem 


and 
postmortem 


and 
postmortem 


and 
postmortem 


Postmortem 


The author relied more on the gross 
observations than on the micro- 
scopic data 

No microscopic data 

Several small tubercles with necrosis 
in the upper lobe and a scirrhous 
carcinomatous mass involving en- 
tire lower lobe of left lung; the 
brain contained a large tubercle 

Primary carcinoma of left lung with 
metastasis to heart, kidneys, supra- 
renal glands, right lung and pan- 
creas; old and recent tuberculous 
lesions of right lung and intestinal 
tract 

Tuberculosis and empyema of left 
lung; epithelial carcinoma extend- 
ing from a cavity to left main 
bronchus 

Primary carcinoma near a tuberculous 
lesion in same lung 

Encephaloid carcinoma in lower pos- 
terior wall of trachea encroaching 
on right bronchus; in right apex 
were three tuberculous cavities and 
many caseated areas in right lung 

Old tuberculous lesion in left apex, 
with cavity about 7 cm. in diameter 
in which a carcinomatous growth 
about 2.5 cm. in diameter was 
present; metastasis to pleura and 
lower part of right lung; tubercle 
bacilli not found 

Large tuberculous cavity in right 
upper lobe with a squamous-cell 
epithelioma about 2.5 cm. in diam- 
eter containing “pearls;” tubercle 
bacilli not found 

Carcinoma of apex of left lung; tuber- 
culous lesion in pleura and lungs; 
neither found in the lymph nodes 

Carcinoma of right lung invading 
bronchial wall but not mucous 
membrane; the large bronchial 
lymph nodes were tuberculous with 
giant cells and caseation; the 
smaller nodes were malignant; 
metastasis in pericardium noted 
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1863 30M 
i 1366 | oF |, 
1335 | | M 
1337 | 
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TABLE 3—Continued 


AGE AND 


SEX 


METHOD OF STUDY 


COMMENT 


1895 


1895 


1897 


1899 


1901 


1903 


1903 


1904 


1905 


Wolf (216) 


Wolf (216) 


Wolf (216) 


Schwalbe 


Simmonds (192) 


Olmer 


Cohn 


Harbitz 


Sehrt 


Gougeret 


44M. 


36 M. 


54 M. 


68 M. 


39 M. 


49 F. 


.| Clinical 


Postmortem 


Postmortem 


Clinical and 
postmortem 


Postmortem 


Postmortem 


Clinical and 
postmortem 


.| Postmortem 


Clinical 


.| Postmortem 


and 


postmortem 


Small-cell carcinoma surrounded by 
fresh tubercles; also tuberculous 
lesion in left lung 

Carcinoma of left lung with caseous 
tuberculous pneumonia; tubercu- 
lous nodes with many giant cells in 
the pleura 

Squamous-cell carcinoma developing 
from the bronchus in a cavity about 
8 cm. in diameter; metastasis to the 
kidneys and left suprarenal gland; 
numerous caseous areas in right 
apex and in right pleura; giant cells 
and tubercle bacilli found 

Tuberculous cavity about 7 cm. in 
diameter in left lung into which a 
carcinoma extended; the latter was 
connected with the main bronchus 

Carcinoma and miliary tuberculosis 
side by side in the same lung 

Tumor involving nearly all the upper 
lobe of left lung; microscopically it 
was either tubular epithelioma or 
alveolar sarcoma; old tuberculous 
lesion in upper part of right lung 
and in left lung; small cavities and 
caseated areas in left lung; miliary 
tubercles in liver, spleen and lung 

Squamous-cell carcinoma with typical 
pearls in a tuberculous cavity of 
left lung; the carcinoma extended to 
left main bronchus 

Alveolar carcinoma lined with high 
cylindrical cells; metastases to right 
lung, brain, liver, sternum, kidney 
and muscles 

Squamous-cell carcinoma of right 
main bronchus, in cavity of right 
lung with erosion of pulmonary 
artery and fatal haemorrhage; ex- 
tensive ulcerated tuberculous le- 
sions 

Tubercle bacilli found before death; 

upper part of right lung invaded by 

neoplasm; microscopic examina- 
tion revealed characteristic malig- 
nant cells; caseation in two areas; 
cavity in right upper lobe; metasta- 
sis to lymph nodes and left kidney 


| 

1895 | 
60 M 
| 
66M 
46 M 
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TABLE 3—Continued 


METHOD OF STUDY 


Turban 


Neumeister 


Perrone 


Galliard 


Neyemura 
Herxheimer 
Reinhart 


Letulle 


Clinical and 
postmortem 


.| Postmortem 


.| Postmortem 


.| Clinical and 


postmortem 


Clinical and 
postmortem 


Postmortem 
Postmortem 


.| Clinical and 


postmortem 


Microscopic 
study 


Tubercle bacilli and malignant cells 
in sputum during life; tuberculosis 
and carcinoma present in apex of 
lung 

Microscopically carcinomatous nests 
with epithelial pearls were found 
side by side with tubercles and 
giant cells; metastasis had occurred 
in right shoulder joint 

Tuberculous cavity at left apex, the 
wall of which was penetrated by 
tumor invading first and second 
ribs and three thoracic vertebrae 

Tubercle bacilli found in sputum; 
later roentgen-ray and clinical data 
suggested diagnosis of malignant 
tumor; at postmortem a cavity with 
smooth walls about 3.5 cm. in 
diameter found in right apex; lower 
part of right lobe penetrated by 
squamous-cell carcinoma; metas- 
tasis to wall of right ventricle, and 
firm tuberculous scars in left apex 
noted 

Tuberculous cavity noted in left apex 
and carcinoma in wall of cavity; in 
some of the malignant areas tu- 
bercles present; tracheobronchial 
lymph nodes calcified 

No details 

Tuberculosis in other organs also 

Primary carcinoma of left lung with 
metastasis to right lung, pleura, 
kidney, suprarenal glands, liver, 
thyroid gland, lymph nodes and 
lumbar spine; tubercles present in 
upper lobe of right lung; both dis- 
eases present in a bronchial lymph 
node 

Tubercle bacilli had been found in 
sputum; a tuberculous cavity in 
left apex and enormous carcinoma 
in upper part of right lung were 
noted; metastasis to right pleura 
and lymph nodes 

Small epithelioma was surrounded by 
caseation, giant cells and bacilli of 
tuberculosis 
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DATE AUTHOR COMMENT 
1905 | 45 M. 

He 1905 | 63 M 

¥ 

1906 | 74M 

| 

He 1906 | Jessen 45M 

lif 

1912 | 68 F. 

1912 

1917 78 M. 
1917 38 F. 

1920 | 68 M 
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1920 | Letulle P| 


TABLE 3—Continued 


AUTHOR 


METHOD OF STUDY 


Jedlicka and 
Jedlicka 


Pallass and Des- 


peignes 


Giegler 


Beyreuther 


Kikiith 


Karrenstein 
Miiser 
Ophiils 


Hochstetter 


Postmortem 


.| Clinical and 


postmortem 


Postmortem 


.| Postmortem 


Postmortem 


Clinical and 
postmortem 


Clinical and 
postmortem 


Alveolar carcinoma found in wall of a 
tuberculous cavity in superior lobe 
of right lung without limitation 
between the two processes; there 
were cavities in apex, and caseous 
lymph nodes in hilum; metastasis 
had occurred in suprarenal glands, 
lungs and bronchial lymph nodes 

Tubercle bacilli had been found in 
sputum; aorta showed signs of 
syphilis; caseated tubercles with 
giant cells found close to malignant 
cells; whether lesion was primary or 
secondary in the lung not known 

Bronchogenic carcinoma and active 
tuberculosis with cavity-formation 
in left lung; apex also with tuber- 
culosis; extensive metastasis of 
right lung in lymph nodes and 
thyroid gland 

Squamous-call carcinoma in right 
lung; cylindrical-cell carcinoma and 
tuberculosis in left lung; bilateral 
pneumonoconiosis; tuberculous 
pericarditis; carcinoma in left lung 
surrounded a necrotic cavity in 
which tuberculous and carcinoma- 
tous tissue were mixed 

Twenty-two cases, in only six of which 
was author able to demonstrate any 
anatomical relationship between 
the two diseases 

Reported 2 cases 

Reported 3 cases 

In one of a series of 23 cases of car- 
cinoma of lung the tumor had 
developed in old tuberculous cavity 

Tubercle bacilli had been found in 
sputum; tuberculous lesion in the 
apex of lung and medullary car- 
cinoma in region of hilum 

Tubercle bacilli in sputum; roentgen 
ray showed cavity in apex of right 
lung; necropsy enclosed cavity in 
apex about 3 cm. in diameter and 
one in base of upper part of right 
lung about 18cm. in diameter; squa- 
mous-cell carcinoma in larger cavity; 
tubercles in both lungs; caseous and 
fresh tuberculous ulcers-in intes- 
tines and miliary tubercles in 
liver 


i 
1923 
1924 | | Si M 
| 
1024 | 
024 | 45M 
1925 | 
1925 
1925 
1926 
1926 | 43 M. 
1927 | Basch 45 M. P| 
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TABLE 3—Concluded 


AGE AND 
SEX METHOD OF STUDY 


Derischanoff 22 M.| Postmortem Tuberculous lesions in left hilum and 
retroperitoneal lymph nodes; car- 
cinoma in left bronchus; tuberculo- 
sis and carcinoma in brain by 
metastasis 
Frommel Reported 8 cases; no microscopic data 
Roubier and Guil- .| Clinical and/| Bronchogenic carcinoma forming 
lemin postmortem large mediastinal mass; metastasis 
to pericardium and lymph nodes; 
caseation and giant cells in walls of 
some small cavities in right lung 
Landau .| Clinical and | Cavity about 7 by 8 cm. in right apex 
postmortem with tubercle bacilli in its wall; 
grouped tubercles in each lung; a 
few tubercles in a node at right 
hilum; squamous-cell carcinoma 
about 2 cm. in diameter in right 
main bronchus with ulceration 
Schneider Reported one case of the two diseases 
in right lung; tubercle bacilli not 
found 
Fenger and Petter No details 
Simondi No details 
Cooper .| Clinical and | Squamous-cell carcinoma graded 4, 
postmortem with multiple tuberculous abscesses 
and terminal pneumonia; carcinoma 
probably of bronchogenic origin; 
both processes intimately asso- 
ciated in the same microscopic 
fields 


* See figure 1. 


then feeding them with chicken liver infected with tuberculosis. One 
of the 6 inoculated roosters died on the seventeenth day after the in- 
jection. The following day the feeding of four of the remaining roosters 
with tuberculous liver was begun. The fifth rooster was kept as a 
control. Two of the roosters which were being fed bacilli of tuber- 
culosis died because of the development of tumor on the thirtieth and 
forty-fourth days, respectively, after the tumor was implanted. At 
necropsy there was no evidence of tuberculosis except the microscopic 
evidence of the disease in the liver of the animal that lived forty-four 
days. ‘The tumors of the two roosters still being fed on tuberculous liver 
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TABLE 4 
Metastatic carcinoma and tuberculosis of the lung 


AGE AND 


SEX METHOD OF STUDY 


Lorthioir 68 F. | Postmortem Tubercles present in apices of both 
lungs; carcinoma in lungs and liver 
Lubarsch 29 M.} Clinical and | Carcinoma of testis removed pre- 
postmortem viously; tubercle bacilli in sputum; 
at necropsy numerous carcinoma- 
tous nodules and fresh caseous 
tubercles and cavities were in the 
lung and pleura; giant cells, tubercle 
bacilli and carcinoma cells in same 
microscopic field 
No details; author had seen a case of 
extensive secondary carcinoma and 
diffuse tuberculosis 
Postmortem Primary adenocarcinoma of prostate 
gland with metastasis to bones, 
suprarenal glands, retroperitoneal 
lymph nodes, liver, spleen and 
lungs; tuberculosis in lungs, liver, 
spleen, suprarenal glands, bronchial 
lymph nodes and retroperitoneal 
lymph nodes 
Guberman . | Postmortem Epithelial hyperplasia in periphery of 
a caseating portion of lung; ma- 
lignant areas separate from the 
tuberculous portion; whether the 
malignant lesion was primary or 
secondary in the lung not stated 
Guberman Postmortem Primary carcinoma of oesophagus 
with metastasis in lung where active 
tuberculosis was also present; ap- 
parently no histological relation 
between the two 
Boinet .| Postmortem Carcinoma of stomach with metasta- 
sis to lungs, liver, suprarenal glands, 
pleura and dura mater; tuberculous 
mass and chalky concretions in 
apex of right lung 
Halbron .| Clinical and | Carcinoma and tuberculosis in lungs; 
postmortem a small cavity in left lung; two 
diseases appeared to be independent 
Borst Metastatic carcinomatous nodule in 
lung progressed to periphery of a 
caseous tuberculous area where it 
stopped 
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1902 
1903 
1903 
1910 
1911 
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TABLE 4—Concluded 


METHOD OF STUDY 


1912 | Oertel 44 F.| Clinical and | Primary scirrhous carcinoma of stom- 
postmortem ach with extensive metastasis to 
lungs; active tuberculosis also in 

both lungs 
1913 | Pierret and Leroy | 39 F.| Clinical and} Carcinoma of left breast removed two 
postmortem years previously; recurrence in 


wound in right breast and in both 
axillae; tubercle bacilli in sputum; a 
malignant mass in middle of right 
lung; carcinomatous metastasis to 
lymph nodes; cavity in apex of left 


lung 
1923 | Scott 50 M.| Clinical and | A bronchial cast containing carcinoma 
postmortem cells expectorated; carcinoma of 


stomach with metastasis to lungs 
found at necropsy; tuberculous 
mass 7.5 cm. in diameter in upper 
part of left lung 


gradually decreased in size. In order to study the process of regression 
of the sarcoma, the roosters were killed on the sixty-eighth day after the 
implantation. One had remained in fair nutrition, and the other was 
emaciated. In both Teutschlaender was able to find a small residue of 
Rous sarcoma at the site of injection. In the liver of each he found 
evidence of tuberculosis. He concluded that it is possible to bring about 
regression of Rous tumor by feeding tuberculous chicken liver. How- 
ever, there was no evidence that the tumor has any influence on the 
tuberculosis. Therefore, he stated that it must be a one-sided type of 
antagonism. He believed it to be a nonspecific type of immunity and 
that he had obtained this type of immunity in other ways. 

Harde and Fosca reported that there did not seem to be any special 
affinity of neoplastic cells for bovine tubercle bacilli. They injected the 
bacilli both intravenously and intraperitoneally into mice bearing 
spontaneous carcinoma and ingrafted sarcoma. They were unable to 
produce a single tuberculous lesion in the tumor, nor were they able to 
find a bacillus there. On the contrary, when the injection was made 
into the carcinoma they obtained true intramural culture. They con- 
cluded that the general resistance of mice bearing spontaneous carcinoma 
or ingrafted sarcoma was not modified by the injection of bovine tubercle 
bacilli. 
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The use of tuberculin in the treatment of malignant disease has been 
mentioned. Pearl, Sutton and Howard, in 1929, reported 7 cases in 
which they had tried this formoftreatment. They stated that the report 
was only preliminary and that their results did not warrant positive 


TABLE 5 
Carcinoma and tuberculosis of the oesophagus 


AGE AND 


SEX COMMENT 


AUTHOR 


Zenker Ulcerating lesion of oesophagus with carcinomatous borders; 
numerous degenerating malignant lymph nodes con- 
taining tubercles, in which bacilli were found 
Cordua .| Ulcerating lesion at bifurcation of trachea which micro- 
scopically showed tuberculosis and carcinoma; tubercles 
in progress of caseation in middle of carcinomatous ulcer; 
pulmonary tuberculosis 
Meyerhoft .| Oesophagus adherent to vertebral column 4 cm. below 
bifurcation of trachea; ulceration at this point of oesopha- 
gus into trachea; recurrent laryngeal nerve in the in- 
durated mass; bilateral pulmonary tuberculosis; micro- 
scopic examination of ulcerated portion of oesophagus 
showed carcinoma and tuberculosis 
Pepper and .| Tuberculosis of oesophagus with a central fibrous portion 
Edsall apparently healed; carcinoma at one border of the tuber- 
culous growth; giant cells and tubercle bacilli found 
Weyeneth .| Tubercle bacilli in sputum; extensive tuberculous lesions of 
left lung and intestines; carcinoma and “recent” tuber- 
culous lesions of oesophagus; carcinoma believed to be 
primary and tuberculosis secondary in oesophagus 
Ehrler .| Subacute tuberculosis of lungs with cavities; tuberculosis 
of lymph nodes; carcinoma of cardiac end of stomach 
with perforation and metastasis to liver; extension of 
both processes to oesophagus and mesenteric lymph 
nodes 
Dean and .| Tuberculosis and carcinoma in oesophagus; giant cells and 
Gregg bacilli 
Harbitz Simultaneous tuberculosis and carcinoma of oesophagus 
observed at necropsy 
Cooper .| Squamous-cell epithelioma, graded 3, in lower third of 
oesophagus; tuberculosis and anthracosis of lymph node 
from region of the cardia 


conclusions. However, they felt that the results were sufficiently 
encouraging to warrant continuation of the study. Renaud made 
cutaneous tests with tuberculin in a series of 50 malignant cases. He 
‘believed that the tumor in thirty-two of these cases was in the early stage 
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DATE | 

1891 
1893 
1894 
1897 
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1908 

1917 

1927 

1930 
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TABLE 6 


Carcinoma and tuberculosis of the stomach 


AGE AND 
SEX 


COMMENT 


1900 


1902 


1908 


1913 


1917 


1926 


1926 


1926 


1926 


Clement 


Léwenheim 


Metterhausen 


Metterhausen 


Claude (38) 


Simmonds 
(192) 
Borst 


Barchasch 


Lyle 


Forman and 
Cameron 


Faltin 
Hamperl 


Hamperl 


Borrmann* 


52 F. 


Carcinoma of pylorus overshadowed by extensive caseous 
tuberculosis; tubercles in periportal and axillary lymph 
nodes; carcinoma cellular and of cylindrical-cell type 

Miliary tuberculosis in submucosa and muscular layers near 
the carcinoma 

Ulcerating medullary carcinoma of pylorus; tuberculosis 
with caseation and giant cells in lymph nodes; carcino- 
matous metastasis and numerous tubercles in liver; 
metastasis to lymph nodes; tubercle bacilli not found 

Carcinoma of pylorus with stenosis; flat ulcer 7 cm. in 
diameter near pylorus; tuberculosis of retroperitoneal and 
mesenteric lymph nodes but no carcinoma; tubercle 

bacilli not found 4 


.| Tuberculosis of lungs and intestines; alveolar epithelioma 


and tuberculous ulceration of stomach; ulcerating tumor 
on posterior wall of stomach; three small adenomata near 
this, one containing giant cells and tubercle bacilli; the 
tumor was an alveolar carcinoma with tuberculous 
ulceration 


.| Pulmonary and intestinal tuberculosis; carcinoma of pylorus 


with multiple ulcers 
Carcinoma of stomach with multiple tuberculous ulcers; 
stroma of carcinoma contained tubercle bacilli 


.| Pulmonary tuberculosis and carcinoma of cardia; tubercle 


bacilli in solitary tubercle in stomach; carcinoma in 
lymph nodes 

Diffuse carcinoma of stomach and tuberculosis of sub- 
mucosa 

Carcinoma of stomach and tuberculosis of retroperitoneal 
and mediastinal lymph nodes; tuberculosis and carcinoma 
in liver in same microscopic field 

Characteristic carcinoma and tuberculosis in pylorus; 
caseated tubercles in some lymph nodes 

Carcinoma and tuberculosis in pylorus; both processes in 
nodes of greater curvature 

Anterior wall of stomach; penetration through all layers 
by carcinoma; giant and epithelioid cells in interstitial 
tissue 

Miliary tubercle in mucosa above colloid carcinoma; 
tuberculous lesions not found elsewhere in body 


* Borrmann also quoted a case reported by Frank in which the two processes were blended 
in the stomach and lymph nodes. He also quoted Konjetzny who reported a carcinoma of the 


stomach with tuberculosis and carcinoma in the regional lymph nodes. 


Lyle noted a case 


reported by Friedlinder, but was unable to verify data. 
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TABLE 6—Concluded 


1926 


1927 


1929 
1929 


1930 


1930 


1930 


1930 


Borrmann 


Harbitz 


Fenger and 


Petter 
Wolf 


Cooper 


Cooper 


Cooper 


Cooper 


68 M. 


46 M. 


50 M. 


66 M. 


Caseous tuberculous areas in cylindrical-cell carcinoma; 
tubercle bacilli and giant cells; tuberculosis not found 
elsewhere in body 

Ulcerating lesion of stomach, the boiler of which was 
carcinomatous and base tuberculous; tuberculous nod- 
ules in liver, spleen and peritoneum 

Carcinoma and tuberculosis of stomach 


.| Two tuberculous ulcers in lower end of stomach, malignant 


tumor in edge of ulceration; lymph nodes also tuber- 
culous 


.| Polya operation, resection of 12 cm. of stomach; adenocar- 


cinoma, graded 2, 5 by 5 by 2 cm.; all coats of stomach 
invaded by carcinoma and tuberculosis; tuberculosis in 
adjacent lymph nodes 

Adenocarcinoma, graded 2, 5 cm. in diameter extending to 
serosa; carcinoma and tuberculosis in regional lymph 
nodes 

Carcinoma, graded 2, 10 by 8 by 2 cm., with slight involve- 
ment of serosa and lymphatic involvement; tuberculosis 
and carcinoma in one lymph node 

Adenocarcinoma, graded 4, 5 by 6 by 2.5 cm. with lympha- 

tic involvement; tuberculosis of one lymph node from 

gastrocolic omentum 


Carcinoma and tuberculosis of the ileum 


TABLE 7 


AGE AND 


SEX 


COMMENT 


1888 


1897 


1913 


Lubarsch 


Naegeli 


Herzog 


49 M. 


46 M. 


47 M. 


Carcinoma of ileum with stenosis and ulceration; tubercle 
bacilli and tuberculous lesions in edge of ulcer 

Tuberculosis and cylindrical-cell carcinoma of ileum and 
tuberculosis in lymph nodes of mesentery; carcinoma of 
pylorus, apparently invading the tuberculous tissue; 
giant cells and tubercle bacilli in lymph nodes and in 
wall of intestines 

Bilateral pulmonary tuberculosis; small obstructing car- 

cinoma in upper part of ileum and one in the ileocaecal 

region; tubercle bacilli in edge of each; caseation; numer- 

ous nodes tuberculous 
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TABLE 8 
Carcinoma and tuberculosis of ileocaecal and caecal regions 


AUTHOR 


COMMENT 


Naegeli 


Metterhausen 


Crowder 


Letulle (129) 


Buday 
Stetton 
Forman and 
Cameron 
Herrenschmidt 
Hartmann and 
Renaud (95) 
Hamperl 
Hamperl 
Hamperl 
Harbitz 
Harbitz 


Cooper 


Cooper 


Tuberculosis and colloid carcinoma of caecum; caseous and 
calcified tuberculous nodes in mesentery; numerous 
tubercle bacilli in caseous areas adjoining carcinoma 

Adenocarcinoma with mucoid degeneration of ileocaecal 
region; round cells, caseation and several giant cells in 
subserosa next to carcinoma; tuberculous granulation 
tissue penetrated carcinoma in piaces; tubercle bacilli 
not found 

Carcinoma of caecum with tuberculosis; lymph nodes also 
tuberculous; a fistula in inguinal region 

Reported 6 cases of carcinoma of appendix in tuberculous 
patients but in only one case were both diseases in the 
appendix 

Carcinoma of appendix and tuberculosis of fistulous tract 
leading from it 

Tuberculosis and carcinoma of caecum and tuberculosis of 
mesenteric lymph nodes, lungs and larynx 

Adenocarcinoma and tuberculous lesion beneath peritoneum 
of caecum 

Colloid carcinoma of ileocaecal valve and tuberculous node 
at ileocaecal angle 

Tuberculosis and carcinoma of caecum in same microscopic 
field 

Tuberculous mass in the caecum with carcinomatous 
changes in wall of caecum; appendix ulcerated 

Adenocarcinoma and tuberculosis of caecum; caseating 
tubercle surrounded by carcinoma 

Typical lymphatic carcinoma and granulation tissue within 
caseous tubercles in ileocaecal region 

Carcinoma and tuberculosis in ileocaecal region; the two 
processes intimately mixed 

Carcinoma and tuberculosis in ileocaecal region; the two 
processes intimately mixed 

Adenocarcinoma, graded 3, 4 by 4 by 3 cm., of the ascending 
colon with lymphatic involvement; tuberculosis of stump 
of appendix 


.| Adenocarcinoma, graded 2, of ascending colon with caseat- 


ing tuberculosis of mesenteric lymph nodes 
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DATE 
1897 | 
1897 | F. 
1900 | 54 F. 
1903 | 
1908 
1910 
1917 56 F. 
1921 50 F. 
1921 51M. 
1926 51 M. 
1926 47 F. 
1926 17 F. 
1927 28 M. 
1927 30 F. 
1930 | 44 F, 
1930 | 48M 
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of evolution, and that in the remaining 18 cases it was far advanced. 
He obtained a more or less strong positive reaction in twenty-three (72 
per cent) of the cases of early malignant tumors, and in the cases of late 
malignant tumors all the reactions were feeble or negative. He agreed 


TABLE 9 
Carcinoma and tuberculosis of the sigmoid 


COMMENT 


1902 | Moak Adenocarcinoma and tuberculosis in sigmoid flexure and 
metastasis of both processes in liver and left kidney 
1903 | Guberman Adenocarcinoma in sigmoid flexure and areas of caseation 


with the appearance of tuberculosis about it; active 
pulmonary tuberculosis 

1910 Tauschwitz | 36 M.|} Adenocarcinoma 4 cm. long removed from descending colon; 
lumen narrowed to about 1 cm. in diameter; three small 
tuberculous lymph nodes removed; three years later 
second tumor resected which contained adenocarcinoma 
and calcified nodules; fifteen months later a tumor 
removed from splenic flexure in which were carcinomatous 
and tuberculous areas 

1917 | Reinhardt 69 F.| (Case of Professor Wegelin’s.) Ulcerating carcinoma of 
sigmoid with slight stenosis; fresh tubercles in serosa 
above tumor; older tubercles in both lungs 


TABLE 10 
Carcinoma and tuberculosis of the rectum* 


AGE AND 
SEX COMMENT 


1902 Plien 34 F.| Patient died of pulmonary tuberculosis; tubercle bacilli in 
sputum; extensive tuberculous ulceration of large and 
small intestines; tubercle bacilli in ulcer in lower part of 
rectum; carcinoma cells in base 

1910 Stetten Carcinoma and tuberculosis of rectum with fistula in ano 
1925 White Carcinoma of upper part of rectum with metastasis to 
liver; tuberculosis of rectum and in regional lymph nodes 


* Moschocowitz (150) also stated that he had observed the combination a number of times 
in the rectum but he gave no further details. 


with Jousset, who stated that the reaction became negative as the 
cachexia progressed. Renaud believed that carcinoma lessens or 
suppresses the reaction to tuberculin just as it lessens the general resist- 
ance of the organism. He also stated that the presence of a malignant 
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TABLE 11 


Carcinoma and tuberculosis of the uterus and tubes 


vonF ranqué 
Frees 


Devic 
Naussauer 
Bass 
Ahlefelder 


Kundrat 


Wallart 


Wallart 


Glockner 

de Josselin de 
Jong 

Schéttlander 

Schiitze 

Taussig 


Eisenstein 


d’Halluin and 
Delval 


vonFranqué 


vonFranqué 


Carcinoma of cervix and tuberculosis of uterus 

Carcinoma of cervix and tuberculous ascites with tuber- 
culosis of peritoneum; giant cells; uterus and tubes not 
studied as patient refused hysterectomy 

No details 

Tuberculosis of endometrium with carcinoma of cervix 

Caseous tuberculosis of both tubes and of corpus uteri; 
extensive carcinoma of cervix 

Caseous tubercles and adenocarcinoma of corpus uteri; 
myoma in uterus; tubercle bacilli 

Carcinoma of cervix and tuberculosis of right tube; a few 
tubercle bacilli; tuberculosis and carcinoma in one large 
lymph node 

Adenocarcinoma surrounded by tuberculous tissue in a 
curetted specimen; patient died within a year after this 
operation 

Carcinoma of the cervix; tuberculosis of lungs, liver, peri- 
toneum, lymph nodes, uterus, tubes and cervix; tubercle 
bacilli were between degenerating malignant cells; cervix 
less involved with tuberculosis than other portions of 
uterus 

Caseated and calcified tuberculosis of right tube and right 
half of fundus; small-cell carcinoma extending from cervix 
and right lower half of the uterus; both processes in same 
microscopic field 

Medullary carcinoma of right ovary and tuberculosis; 
caseation and giant cells 

Carcinoma of cervix and tuberculosis of endometrium 


No details 

Advanced adenocarcinoma of cervix; diffuse adenoma of 
myometrium with interstitial tuberculous endometritis 

Reported by O. H. Brown; tuberculosis and carcinoma side 
by side in cervix 

Carcinoma of cervix; tuberculous endometritis and _ sal- 
pingitis 

Cylindrical-cell carcinoma of corpus uteri; numerous epi- 
thelioid and giant cells between carcinoma columns; 
tubercle bacilli not found 

Tuberculosis of uterus and tubes; myoma of uterus; car- 
cinoma of left tube 

Bilateral tuberculous salpingitis, miliary tuberculosis in 
mucous membrane of uterus and cervix; carcinoma of 
upper surface of uterus 
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DATE AUTHOR AGE COMMENT 
1894 56 

1894 
1894 

1899 61 

1902 40 

1902 | = 36 

1903 | 7 55 
1903 | 50 

1903 | Stein 48 

1904 20 

1905 64 
1905 

1907 40 

1907 
1908 | 7 27 

1911 | 38 

1911 | 40 
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TABLE 11—Continucd 


1911 


1911 


1912 


1914 


1914 
1914 
1916 


1917 


1917 


1920 


1922 


1923 


1923 


1924 


1925 


1926 


Ménckeberg 


Montgomery 
Vanverts 


Schmidt 


Lipschitz 
Maikoft 
Barrett 


Herxheimer 


L’Esperance 


Albrecht 


von Albertini 


Stiibler 


Stacy and 
Melson 
Strachan 


White 


Gais 


34 


42 


55 


27 


35 


33 


38 


39 


47 


Adenocarcinoma of corpus uteri with separate carcinoma of 
cervix; several tubercles in mucous membrane of cervix; 
tubes not examined 

Carcinoma of one tube and ‘tuberculosis of the other; 
myoma of uterus 

Tuberculous left tube removed in 1909; hysterectomy 
performed because of carcinoma of cervix in 1911 

Squamous-cell carcinoma and a few tubercles in curetted 
specimen from cervix; following hysterectomy patient 
died; necropsy disclosed tubercles in right kidney and 
healed tubercles in lung; carcinoma about 5 by 4 cm. in 
corpus uteri; ovaries and tubes normal; tuberculosis and 
carcinoma in cervix; fibroma in fundus about 0.5 cm. in 
diameter 

Numerous tubercles in right tube and probably carcinoma 

No details 

Bilateral tuberculous salpingitis in which were tubercle 
bacilli; squamous-cell carcinoma in left tube; fibromyoma 
3.5 cm. in diameter in uterus 

Tuberculosis of uterus, right tube, right ovary, lungs and 
intestines; carcinoma of uterus 

Carcinoma of right tube at fimbriated end; tuberculosis of 
left tube; myoma and one small focus of carcinoma in 
uterus 

Adenocarcinoma of uterus; border of lesion tuberculous; 
giant cells and tubercle bacilli; left tube caseated and 
contained giant cells 

Tuberculous salpingitis and odphoritis; primary carcinoma 
of cervix; primary sarcoma of fundus of uterus associated 
with 6 tubercles; miliary tubercles in edometrium; 
tubercle bacilli not found 

Papillary alveolar carcinoma and active tuberculosis of 
right tube; right ovary, serosa of uterus and endometrium 
carcinomatous 

Bilateral chronic tuberculous salpingitis; papillary car- 
cinoma of left tube and ovary 

Carcinoma of cervix and tuberculosis of endometrium; 
giant cells and caseation in uterus; tubes apparently not 
tuberculous 

Tuberculosis and columnar-cell carcinoma of uterus; car- 
cinoma of stomach and ovary; whether malignant tumor 
in uterus was primary or secondary was not determined 

Adenocarcinoma in curetted specimens; tubercles in my- 

ometrium after hysterectomy; no evidence of peritoneal 

or adnexal tuberculosis 
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TABLE 11—Concluded 


Wechsler Papillary cystadenocarcinoma with tuberculosis; secondary 
carcinoma and tuberculosis in broad ligament; clearly 
defined tubercles in one tube 
Harbitz Tuberculosis and carcinoma in uterus 
Puccioni Adenocarcinoma with giant cells and tubercles in biopsy 
specimen from cervix 
Matzdorff Carcinoma of cervix; tuberculosis of endometrium; giant 
cells and caseation; tubercle bacilli not found 
Callahan, Bilateral papillary carcinoma associated with tuberculosis 
Schiltz and of tubes; tuberculosis of uterus 
Hellwig 
Holland Tuberculosis and carcinoma in tubes 
Holland Advanced tuberculosis of right tube; papillary carcinoma of 
left tube 


neoplasm even in full evolution is not sufficient to provoke a modification 
of the allergic state unless accompanied by cachexia. 


REPORTS OF CASES 


As early as 1828 Cruveilhier reported having observed malignant 
and tuberculous lesions in several testes. Reference to this will appear 
again in the tabular portion of the paper. It is not certain that the 
growths Cruveilhier encountered were carcinoma. 

Lupus and Other Cutaneous Lesions: Malignant lesions developing in 
lupus lesions have probably furnished the largest number of reports to 
be found in the literature. The cases, together with cases of other 
forms of cutaneous tuberculosis associated with carcinoma, are recorded 
in table 1. In this table, and all others, cases are recorded after the 
names of those authors who first reported them. Bayha (table 1) likened 
the malignant lesions which develop in lupus scars to those which occur 
in old burns or other injuries. He stated, in 1888, that he was able to 
find 26 cases reported in the literature. Ashihara’s cases (table 1) had 
been proved microscopically. He stated that Kaposi was the first to 
prove the combination of these two diseases microscopically; however, 
Duvergey as early as 1857 reported two cases (table 1) of the combina- 
tion. Ashihara noted that Lang was the first to call attention to the 
distinction between carcinoma developing in active lupus and carcinoma 
developing in lupus scars. He also stated that the histological data 


128 
DATE AUTHOR AGE COMMENT 

1926 
1927 
1927 
1927 
1929 
1930 
1930 
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disproved the belief of Bidault that carcinoma only develops from the 
scars in lupus. Of the 122 cases reviewed by Ashihara four were in 
mucous membrane. In answer to those who believe that carcinoma 
develops only in cases of lupus, in which treatment has been given by 
roentgen ray, Jadassohn stated that carcinoma had developed in lupus 
even in the absence of treatment. Wichmann felt that treatment by 
roentgen ray did not always cause the malignant lesion associated with 
lupus. He stated that he had noted roentgen-ray injuries to the skin 


Fic. 1. Squamous-cell epithelioma in the lung, graded 4, surrounding four giant cells 
above. ‘There are two large caseating tubercles below and to the left (x 60). This specimen 
corresponds with the case indicated by an asterisk in table 3. 


hundreds of times without the development of epithelioma whereas in 
ther cases in which treatment did not injure the skin carcinoma de- 
veloped. MacKee also stated that the combination had been observed 
n cases in which roentgen-ray treatment had not been given. Jadassohn 
‘laimed that the relationship of malignant lesions and lupus is too great 
to admit of only chance coincidence but that he did not believe that 
Ribbert’s theory was sufficient to explain those cases. He and Wich- 
nann were of the opinion that the relationship would not be understood 
intil the cause of carcinoma is known. 


i 
| 
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TABLE 12 


Carcinoma and tuberculosis of the breast 


AUTHOR 


AGE AND 
SEX 


COMMENT 


Crawford 
Clement 


Pilliet and 


Piatot 
Warthin 
Warthin 


Rizzo 


Kallenberger 


Moak 


Moak 
Moak 
Scheidegger 
Berger 
Fricke 
Rodman 
Franco 


Klose 


Fischer 


Bauer 

Herxheimer 
and Reinke 

Bundschuh 


41 F. 


36 F. 


51M. 


Bilateral mastitis; tuberculosis and carcinoma in axillary 
lymph nodes 

Carcinoma of right breast with metastasis; tuberculosis in 
axillary lymph nodes 

Carcinoma and tuberculosis in breast of man 


Carcinoma of breast with axillary metastasis; miliary 
tubercles in breast and lymph nodes 

Carcinoma, giant cells and tubercle bacilli in specimen for 
diagnosis 

Seven or eight nodes in right axillary region, one about 3 
cm. in diameter and the others about 1 cm.; microscopi- 
cally both diseases in some nodes; tuberculosis followed 
guinea-pig inoculation 

Tuberculosis and carcinoma in breast; pulmonary tuber- 
culosis and involvement of lymph nodes; tubercle bacilli 

Recurrent carcinoma with tuberculosis in breast and 
metastasis of both diseases into the lymph nodes; tubercle 
bacilli in breast and lymph nodes 

Carcinoma of breast with nietastasis to lymph nodes; 
tuberculosis in lymph nodes 

Carcinoma of breast; carcinoma and tuberculosis in axillary 
lymph nodes 

Adenocarcinoma and tuberculosis in tumor of right breast 
about 3 cm. in diameter 

No details 

Carcinoma and tuberculosis in biopsy specimen; typical 
miliary tubercles and a few giant cells; tubercle bacilli 
could not be demonstrated 

Carcinoma and tuberculosis in breast 

Tuberculosis and adenocarcinoma in left breast and in 
axillary lymph nodes; tubercle bacilli in breast 

Mass in abscess cavity about 3 cm. in diameter in upper 
quadrant of right breast; tuberculosis and carcinoma in 
breast and lymph nodes 

Scirrhous carcinoma of breast with metastasis to axillary 
nodes; caseous tuberculosis in lymph nodes and recent 
tuberculous lesions in breast and nodes; tubercle bacilli 
in lymph nodes 

No details 

Carcinoma and tuberculosis in breast (two cases) 


Carcinoma simplex and tuberculosis in axillary nodes: 
tubercle bacilli in breast and nodes; pulmonary tuber- 
culosis disclosed at necropsy 
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1892 
1895 
1899 39 F. 
1899 40 F. 
1899 | 47 F. 
1902 | | 43 F. 
1902 | = 
1902 
1902 | 
1904 37 F. 
1906 
1907 56 F. 
1908 
1908 46 F. 
1910 | 25 F. 
1110 | = 69 F. 
1912 
1912 
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TABLE 12—Concluded 


Gottstein . | Solid carcinoma of breast with circumscribed epithelioid 

areas; one node in axilla contained typical giant cells and 

carcinoma 

Gottstein . | Tuberculosis of left breast and carcinoma and tuberculosis 

of right breast 

Hartmann and . | Typical epithelioma; small tubercles without caseation and 
Renaud (95) containing giant cells and tubercle bacilli; verrucous 

papilloma in nipple 

Dupont and . | Atypical epithelioma and areas of tuberculosis in left breast 
Leroux 

Frinkel . | Five years previously left breast amputated for malignant 

tumor but histological examination revealed tuberculosis; 

two years later a tumor in right breast; clinically con- 

sidered to be tuberculosis but on removal proved to be 

malignant 

Harbitz Carcinoma and tuberculosis of one breast 

Tramontano . | A tumor about 5 cm. in diameter attached to skin of breast; 
carcinoma was mixed with tuberculosis; tubercles also 
scattered through remainder of breast; following inocula- 
tion of three guinea pigs tuberculosis developed; axillary 
lymph nodes inflammatory 

Adenocarcinoma, graded 4, 3 by 2.5 cm. in the upper outer 
quadrant of left breast; carcinoma and tuberculosis in 
axillary nodes; approximately two-thirds of one node 
filled with carcinoma; remainder contained numerous 
tubercles : 

Diffuse small-cell carcinoma in left breast with lymphatic 
axillary involvement; tuberculosis and anthracosis in 
other axillary nodes; right breast removed a few weeks 
later and adenocarcinoma, graded 4, was found 

Carcinoma, graded 2, 2 by 1.5 cm.; tuberculosis of axillary 
lymph nodes 

Small-cell carcinoma, graded 3, and numerous areas of 
calcification in breast; extensive tuberculosis of axillary 
nodes 

Adenocarcinoma, graded 4, 6 cm. in diameter, with exten- 
sive lymphatic involvement; caseating tuberculosis of 
axillary nodes 


Lesions of the Respiratory Tract: A relatively large number of cases of 
associated tuberculosis and malignant disease occurring in the respiratory 
tract have been reported. 

Cases of tuberculosis associated with carcinoma involving the upper 
part of the respiratory tract are recorded in table 2. 
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DATE AUTHOR — COMMENT 
1920 
1920 q 
1920 
1921 
1921 
1927 
1928 
1930 

1930 

1930 | 
1930 
1930 ‘ 


TABLE 13 
Carcinoma and tuberculosis of lymph nodes 


DATE 


AUTHOR 


SITE 


1878 
1891 
1892 
1894 
1897 
1899 


1899 
1899 
1899 


1902 
1902 


1902 
1908 
1908 
1910 
1912 
1913 
1914 
1917 
1919 
1919 


1920 
1921 


1925 


1930 


1930 


1930 


1930 


1930 


1930 


1930 


1930 


Michaux 
Zenker 
Crawford 
Baumgarten 
Hodenpyl 
Nehrkorn 


Rizzo 
Warthin 
Kiiker 


Kundrat 
Moak 


Moak 


Ehrler 
Franco 
Klose* 
Trerotoli 


Krische 
Bundschuh 
Reinhart 
Broders (24) 
Broders (24) 


Gottstein 


Duvergey and 


Jeanneney 
White 
Cooper 


Cooper 


Cooper 


Cooper 


Cooperf 


Cooper 


Cooper 


Cooper 


Metastasis from carcinoma of oesophagus in subclavicular region 

Metastasis from carcinoma of oesophagus 

Axillary lymph nodes 

Metastasis from carcinoma of larynx 

Metastasis from carcinoma of tongue in right submaxillary gland 

Carcinoma in portal lymph nodes, probably primary in gall- 
bladder 

Metastasis from carcinoma of breast in axillary lymph nodes 

Metastasis from carcinoma of breast in axillary lymph nodes 

Metastasis from carcinoma of lip in submaxillary lymph nodes 
(two cases) 

Metastasis from carcinoma of cervix 

Metastasis from carcinoma of breast in axillary lymph nodes 
(three cases) 

Carcinoma of bronchial and retroperitoneal lymph nodes and 
prostate gland; pulmonary tuberculosis 

Metastasis from carcinoma of oesophagus 

Metastasis from carcinoma of breast in axillary lymph nodes 

Metastasis from carcinoma of breast in axillary nodes (2 cases) 

Metastasis from carcinoma of the breast in retrosternal lymph 
nodes 

Metastasis from carcinoma of arm in lupus ulcer in axillary lymph 
nodes (other cases cited) 

Metastasis from carcinoma of breast in axillary lymph nodes 

Metastasis from carcinoma of lung in bronchial lymph nodes 

Lymph nodes in axilla 

Cervical lymph nodes; (in these 7 cases carcinoma and tuberculo- 
sis associated in the same microscopic field seven times) 

Metastasis from carcinoma of breast in axillary lymph node 

Metastasis from primary lesion of scrotum in inguinal lymph 
node 

Metastasis from lesion of mouth in regional lymph node 

Two lymph nodes in left submaxillary region; primary lesion in 
nose 

Two submaxillary lymph nodes contained both processes; sub- 
mental nodes and remainder of submaxillary nodes contained 
carcinoma; epithelioma of left jaw 

Actinodermatitis, squamous-cell carcinoma and tuberculosis of 
cervical region; some cervical nodes calcified, others caseous; 
bilateral pulmonary tuberculosis 

Epithelioma and tuberculosis of submaxillary and cervical lymph 
nodes; epithelioma of cheek 

Carcinoma and tuberculosis intimately associated in aortic lymph 
node in several microscopic fields; carcinoma of left ovary 
filled entire pelvis; generalized abdominal carcinomatosis 

Squamous-cell carcinoma of the superior and inferior cervical 
lymph nodes; tuberculosis of one deep superior cervical lymph 
node; epithelioma of hard palate 

Squamous-cell carcinoma and tuberculosis in right cervial lymph 
nodes in same microscopic field 

Tuberculosis and squamous-cell carcinoma in one left supra- 
clavicular node 


* Quoted other authors’ cases but did not give references, 
T See figure 2. 
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Miscellaneous cases of carcinoma and tuberculosis 


TABLE 14 


AUTHOR 


COMMENT 


Thyroid gland 


Baumgarten 
Reinhart 


Metastasis from larynx 
Metastasis from lung 


Liver 


Wagner 
Simmonds (191) 
Metterhausen 
Moak 
Fischer 
Herxheimer and 
Reinke 
Forman 
Cameron 
Ophiils 
Damerow 


and 


Although both diseases were in the liver they were separate 
Reported 2 cases with primary carcinoma of stomach 
Primary carcinoma of stomach 

Carcinoma metastatic from prostate gland 

Both processes intimately associated 

Reported 2 cases, both with metastatic carcinoma 


Primary carcinoma of stomach 


Primary carcinoma of stomach 
Primary carcinoma of stomach 


Region of gall-bladder 


1899 


Nehrkorn | 
| 


Process believed to be primary in gall-bladder 


Spleen and suprarenal glands 


1902 


Moak 


Metastasis from carcinoma of prostate gland 


Kidney 


1902 
1906 


1910 


*1930 


Moak 
Kyriazopoulos 


Moschcowitz 
(149) 
Cooper 


Metastasis from prostate gland 

Woman aged fifty-seven years; right kidney contained a tuber- 
culous lesion and an adenocarcinoma 

Man aged fifty-five years; right kidney contained a tuberculous 
lesion and a papillary carcinoma 

Man aged thirty-eight years; right kidney enlarged about three 

times normal size (weight 840 gm.); about 70 per cent of the 

renal tissue had been destroyed by tuberculous pyonephritis; in 

centre of upper pole was an adenocarcinoma (hypernephroma) 

4 by 2.5 by 2.5 cm. 


Testis 


1828 


1848 
1913 
1928 


Jackson 


Cruveilhier 


Sakaguchi 
Klink 


Evidence not conclusive 
Bacilli of tuberculosis and malignant tumor 


Clinically observed the combination several times; no microscopic 
data 


Bacilli of tuberculosis and malignant tumor 


* See figures 3, 4 and 5. 
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The incidence of association of these diseases in the lung (figure 1 anc 
tables 3 and 4) is much greater than in the upper part of the respiratory 
tract. Ewing has taught that tuberculosis is the chief aetiologicai facto: 
of carcinoma in the lung. This impression may have been gainec 
from a few of the early reports of cases which are also referred to in thi: 
connection, for he quoted Wolf (table 3), who reported 31 cases o 
malignant disease of the lung in which it appeared that thirteen wer. 
associated with tuberculosis; a positive statement, however, that th 
tuberculous lesions were in the lungs was given in only seven of thes 


Fic. 2. Aortic lymph node containing carcinoma, graded 4, and tuberculosis. The 
carcinoma is above and in the centre. Numerous tubercles and giant cells may be seen (x 20). 
This specimen corresponds with the case indicated by a dagger in table 13. 


cases. Adler, in 1912, reviewed 374 cases of carcinoma of the lung and 
90 cases of sarcoma of the lung which had appeared in the literature. In 
this large number were only 15 cases of associated pulmonary tuber 
culosis. Kikuth, in 1925, studied 246 cases of carcinoma of the lung. 
The 22 cases in which he found pulmonary tuberculosis are recorded in 
table 3. In four cases he found ‘circumscribed caseous tuberculosis in 
the same lobe of the lung with the malignant lesion, and in only two cases 
could he find tuberculous lesions in the periphery of the tumor. It 
appeared to him that in these two cases the carcinoma began primarily 
in the bronchus and penetrated into the lung. Kikuth stated that his 
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ata agree more with Karrenstein’s (two cases in thirty-two) and Miiser’s 
three in twenty-four) than with those of Wolf. In his opinion tuber- 
ulosis was no more responsible for the origin of carcinoma in the lung 
han other chronic pulmonary diseases, such as pneumonoconiosis, 
ronchitis, bronchiectasis and syphilis. 

Lesions of Structures Not Included in Tables 1 to-4: Cases of associated 
arcinoma and tuberculosis of the oesophagus, stomach and intestine 
re recorded in tables 5, 6, 7, 8,9 and 10. Instances of involvement of 
he uterus and tubes are listed in table 11, of the breast in table 12, of 
he lymph nodes (figure 2) in table 13, and of miscellaneous organs, in 
able 14. 


COMMENT 


In a review of the statistical data concerning the association of car- 
cinoma and tuberculosis, it is difficult to find evidence of antagonism 
between the two diseases. The reports of Carlson, Bell and Fortune 
clearly illustrate the need for adequate control cases in such studies. 
The fact, that tuberculosis is generally a disease of youth and carcinoma a 
disease of old age, must be taken into consideration. 

The conclusions from the experimental studies of this problem have 
been contradictory in some cases, but most of the evidence at present 
appears to support the conclusion of those who maintain that tuberculosis 
and carcinoma are not antagonistic. 

The accumulation of a large number of cases in which the two diseases 
have been intimately associated offers fairly convincing evidence that an 
antagonism does not exist between carcinoma and tuberculosis. 

In many reports, authors have attempted to determine which process is 
primary. Usually tuberculosis was believed to be the earlier process, 
particularly in the cases in which the conditions were coexistent in the 
lung and in which the carcinoma appeared to develop in an old tubercu- 
lous cavity. However, Zenker, Cordua, Weyeneth and a few others have 
reported cases in which the conditions were elsewhere than in the lung, 
and in which they believed the carcinoma to be the primary disease. 
Cordua favored the theory that the tubercle bacilli had lodged in the 
carcinomatous tissues as a place of lowered resistance, by way of the 

lood- or lymph-stream. Zenker, Weyéneth and others felt that the 
»acilli lodged from the exterior on the ulcerating carcinoma and found a 
uitable soil for growth. Other observers felt that swallowed bacilli of 
uberculosis had an excellent opportunity to develop on ulcerating lesions 
n the digestive tract, especially if stasis existed. 
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It has been suggested that the marked hyperplasia associated with 
tuberculosis in certain organs, notably in lupus lesions, or in tuberculosis 
of the fallopian tubes, may occasionally be mistaken by inexperienced 
pathologists for a malignant lesion and that it may actually be the ante 
cedent of malignant tumor. Naegeli maintained that carcinoma de. 
velops in tuberculosis (lupus) on the skin, and never vice versa. There- 


fore, he concluded that the same relationship may occur within the body. 


Fic. 3. A kidney, divided longitudinally. The large, light portions are tuberculous; 
the darker areas in the upper central portion represent adenocarcinoma (hypernephroma). 
Figures 3, 4 and 5 correspond with the case indicated by an asterisk in table 14. 


Certain cases found in this paper present evidence that tuberculosis 
existed long before carcinoma developed. In one case the patient un- 
doubtedly had tuberculosis for twelve years prior to examination, as 
evidenced by the sinuses draining calcareous material. In another case 
tuberculous lymph nodes had been removed fifteen years prior to the 
time the lymphosarcoma was diagnosed. To observers who maintain 
that malignant tumor develops from irritation, these cases are probably 
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bvious examples. If irritation does produce malignant tumor, then 
uberculosis may be one of the factors in its cause. In one case the 
yatient had scrofula as a boy, and late in life epithelioma of the right 
heek developed. It might be maintained that the malignant tumor 
pread to the right cervical lymph nodes because of their lowered resist- 
ince due to tuberculosis, but it seems more logical for anatomical reasons 
o assume that the association of the two diseases was a mere coincidence. 
in a breast calcified deposits suggest the possibility of an old tuberculous 


Fic. 4. Tuberculosis of the right kidney (x 115). This specimen is from the same case 
as that represented in figure 3. 


lesion in which a malignant lesion developed. The extensive tuberculous 
involvement of the kidney associated with the relatively small carcinoma 
hypernephroma) suggested that the tuberculous lesion was primary 
(figures 3, 4 and 5). 

In order to determine whether tuberculosis exists with all degrees of 
nalignant tumor the carcinomata were graded according to Broders’s 
ndex; all degrees of malignancy were noted. 

The relatively large number of lymph nodes in cases of malignant tumor 
nd tuberculosis is probably accounted for by the wide distribution and 
he frequency with which tuberculosis and malignant lesions metastasize 
them. 
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It would appear from this study that the association of malignant and 
tuberculous lesions had better be regarded as a mere coincidence of two 
diseases until more is known about the cause of carcinoma. 


Fic. 5. Adenocarcinoma (hypernephroma), graded 2, of the right kidney. This specimen 
is from the same case as that represented in figures 3 and 4. 


SUMMARY 


The literature relative to the association of carcinoma and tuberculosis 
has been reviewed. This included several hundred reports of cases in 
which the two diseases were present in the same organ. 

In addition, 24 cases observed at The Mayo Clinic, and never reported 
before, in which malignant tuberculous lesions were intimately associated 
have been presented. The frequency of this association is fairly convinc- 
ing evidence that the two diseases are not antagonistic. 

Tuberculosis may exist with all degrees of malignant tumor. The 
finding of tuberculosis in an organ or biopsy specimen does not exclude 
the possibility of malignant tumor. 
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ANTISYPHILITIC TREATMENT IN TUBERCULOSIS 
PATIENTS 


With Report of a Case for Differential Diagnosis 
LINCOLN FISHER! 


Even if there were no other factors to be considered, the advantages 
to the patient of ‘killing two birds with one stone” should be evident in 
any attempt to treat syphilis in the tuberculosis sanatorium. The 
favorable case of pulmonary tuberculosis is probably in a better position 
to undergo antisyphilitic treatment while in the sanatorium than when 
under the strain of daily toil. The more recent literature on the subject 
would appear to concur in the opinion that tuberculosis patients who are 
not in the terminal stages of pulmonary disease should be given the bene- 
fit of an attempt to clear up the concomitant general infection. Perhaps 
this report on 23 cases having four-plus Kahn reactions, approximately 
10 per cent of the male patients admitted to Waverley Hills Sanatorium 
within the past two years, will be of some interest by way of further 
confirmation. 

None of these patients had had a recent syphilitic infection or showed 
clinical evidence of syphilis, except one whose case will be discussed later. 
Most had received inadequate treatment two years or more prior to 
admission. It is interesting to note in this connection that three reason- 
ably intelligent patients, bearing no stigmata of congenital syphilis, 
professed to have no previous knowledge of their infection. Minute 
questioning failed to elicit any recollection of a lesion bearing the sem- 
blance of chancre. The veracity of these particular patients could 
scarcely be doubted. Whether an intraurethral primary lesion might 
be a possible explanation in these cases is an interesting speculation. 

The Kahn test was employed throughout this work because we believe 
it to be highly accurate and specific even in the case of patients with ac- 
tive tuberculosis. Of the 23 patients with positive Kahn reactions, 
eighteen were given at least one full course of six or seven weekly in- 
jections of neoarsphenamine, ranging from 0.3 to 0.9 gm., and one month 


1 Waverley Hills Sanatorium, Waverley Hills, Kentucky. 
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of daily mercurial inunctions of one dram. The majority had two or 
more full courses, five receiving from four to eight full courses. One 
patient experienced a rather marked nitritoid crisis during the initial 
course, followed by severe nervous symptoms. Later he was able to 
tolerate sulpharsphenamine intramuscularly without further evidence of 
hypersensitivity. 

The 18 patients treated were classified as follows on admission: 10 
Far Advanced (6 FA-A, 3 FA-B, 1 FA-C), 5 Moderately Advanced A, 
2 Suspect, 1 Negative. The one patient in the FA-C group had, as an 
additional complication, a pronounced diabetes mellitus; although the 
urine became sugar-free and the chest condition remained stationary 
this patient did not tolerate arsenical treatment well enough to warrant 
its continuance after one course. Two other patients in the FA-B group 
failed to respond satisfactorily and treatment was discontinued after a 
single course. The remaining 15 patients showed definite improvement 
in their tuberculosis during continued antisyphilitic treatment. Two of 
these were simultaneously receiving artificial pneumothorax and six 
others underwent phrenicectomy during their antisyphilitic treatment. 
Of the 5 patients not treated, three were terminal-stage cases, one left the 
institution against advice, and the fifth showed such a severe gastro- 
intestinal reaction after the second injection of neoarsphenamine that 
treatment was suspended. 

Of the 5 patients who remained in the institution long enough to re- 
ceive four or more full courses of treatment, two became serologically 
negative. This result was substantiated by a provocative Kahn test. 
One of these was receiving artificial pneumothorax and had a phrenicec- 
tomy during this period; the other had a phrenicectomy. 

The special case reported below gave a negative Kahn reaction after 
two courses of treatment. While this percentage of success as regards 
serological improvement is not striking, it at least proves that tuberculosis 
patients may undergo intensive antisyphilitic treatment without re- 
tardation in the arrest of their pulmonary tuberculosis. It is probably 
not possible to show that pulmonary tuberculosis is directly benefited 
by antisyphilitic treatment, as some authors have stated, but the ar- 
senicals may possibly afford a beneficial tonic effect in cases that do not 
have gastrointestinal complications. The twelve other patients treated 
throughout their stay in the institution gave no evidence of untoward 
effects on their tuberculosis. The sputum became negative in 7 cases 
during antisyphilitic treatment; four others had a negative sputum at 
the beginning of treatment. 
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A case admitted to the sanatorium for differential diagnosis is reported 
as follows: 


M. M., white male, aged 33, woodworker, admitted August 26, 1930. Chief 
Complaints: Sore throat, fever, dysphonia, dysphagia. Family History: Un- 
important. Five children living and well; three dead. Past History: Es- 
sentially negative. No history of respiratory disease. No history of syphilis. 
Denied all exposure to venereal disease since marriage. Present Illness: 
Acute febrile onset six weeks prior to admission. Began with sore throat ac- 
companied by anorexia, loss of strength and weight, and night-sweats, but no 
chills. Hoarseness gradually developed. Dysphagia became marked. Stayed 
in bed at home. Consulted two physicians one of whom told him he had a 
diseased lung. Finally referred to tuberculosis dispensary at Louisville City 
Hospital and admitted to Waverley Hills Sanatorium for observation. Phys- 
ical Examination: Acutely ill, face flushed, somewhat emaciated. Tempera- 
ture 103.6°F., pulse 118, respirations 22, blood pressure 115/75. Pupils equal; 
reacted well to light and accommodation. No alopoecia. Papular eruption 
over anterior chest, extending slightly on to abdomen and back. Moderate 
bilateral hypertrophy and induration of cervical lymph nodes in posterior 
triangles. Entire pharynx greatly swollen and red. Caseous masses covering 
tonsils, especially the left, but no definite ulceration; odor rather foul; uvula 
very oedematous and red; no mucous patches. Laryngoscopic examination 
showed epiglottis to be very oedematous and red, the arytenoids swollen and 
red, right vocal cord normal, and left not well seen due to great enlargement 
of the epiglottis on that side. Lungs and heart negative on physical examina- 
tion. Extremities negative. Reflexes normal. Romberg negative. Labora- 
tory Findings: Urine showed faint trace of albumen. Blood: Haemoglobin 
85 per cent (Sahli); red cells 4,420,000; leucocytes 8,100 (48 per cent poly- 
morphonuclears, 45 per cent lymphocytes, 6 per cent large mononuclears, 1 
per cent eosinophiles). Blood Sedimentation: 100 mm. at end of two hours. 
Kahn: Four-plus. Sputum: Negative for tubercle bacilli in four examinations 
including one concentration test. Throat smears showed no acid-fast bacilli, 
no fusiform bacilli, no Spirochaetae Vincenti; the usual assortment of organisms 
found; no dark-field examination done. Throat culture negative for Klebs- 
Loeffler bacilli. X-Ray: Stereoscopic of the chest showed only childhood type 
of tuberculous infection. 

Progress: Equal parts bichloride of mercury, 1:1000, and normal saline solu- 
tion used as mouth-wash and gargle. August 29, 1930: 0.4 gm. neoarsphen- 
amine administered. Patient felt greatly improved, was resting more com- 
fortably and eating with greater ease within forty-eight hours. By September 
1 the swelling in the throat was markedly reduced. Temperature fell rapidly, 
becoming normal September 3. On September 4, 0.5 gm. neoarsphenamine, 
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and 0.6 gm. on September 12, when the throat appeared practically normal, 
the larynx was apparently negative, the dysphonia had disappeared, and no 
exudate, membrane or redness remained. There was slight oedema of pos- 
terior pillar and uvula on right side. Patient discharged September 13, 1930, 
to continue syphilitic treatment. Returned to work. After two full courses 
of treatment, Kahn negative. 


This case may be illustrative of asyphilitic manifestationin the pharynx, 
extending to the larynx, which might at first be confused with tuberculosis. 
The severe localizing and constitutional symptoms suggest the likelihood 
of this being a later manifestation rather than a primary lesion of syphi- 
lis. The possibility of the history being unreliable in this respect renders 
any answer more difficult. The fact that this lesion presented the aspect 
of infiltration rather than the softening of gumma-formation would seem 
to place it in the gummatous infiltration category of tertiary syphilis. 
That relatively little destruction of tissue had occurred, despite the ex- 
tensiveness of the process, is evidenced by the fact that practical disap- 
pearance of the lesion had occurred within ten days after beginning 
specific therapy. Such an extensive process, primarily involving the 
pharynx, does not too strongly suggest tuberculosis in the absence of 
pulmonary disease, although the symptoms were highly suggestive. 
Also, the character of the cervical adenopathy would help in differ- 
entiation. That this is a somewhat unusual type of case to reach the 
tuberculosis sanatorium for diagnosis and treatment makes it seem worthy 
of special mention. It is important to keep in mind the sometimes 
close analogy between the manifestations of syphilis and of tuberculosis, 
requiring careful differentiation in the less common variety of case. 


SUMMARY 


Antisyphilitic treatment may be pursued advantageously in the 
tuberculosis patient whose pulmonary disease is nonactive, regardless 
of the extent of the lesion. : 
Terminal-stage cases are more subject to gastrointestinal complications, 
rendering treatment for syphilis doubly irrational in such patients. 
Direct benefit to the pulmonary disease has not been demonstrated 
in the absence of active syphilis, but no, retardation in the arrest of pul- 
monary tuberculosis attends antisyphilitic treatment. The sputum 
became negative during treatment in 40 per cent of the patients in this 
series. 
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Relatively large doses of the arsenicals are well tolerated by tubercu- 
losis patients whose pulmonary disease is nonactive and uncomplicated by 
intestinal involvement. 

Surgical intervention in the form of collapse therapy is no contraindi- 
cation to antisyphilitic treatment; likewise, syphilis does not militate 
appreciably against the success of collapse therapy. 

An interesting case for differential diagnosis is reported. 
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CELLULAR STUDIES IN TUBERCULOSIS! 
FLORENCE R. SABIN | 


Recent methods for studying living cells of blood and connective 
tissues have opened up a new period in experimental pathology, and the 
growing realization of the importance of cellular reactions to immunity 
makes these developments timely. The first studies of this new period 
were made with the so called vital staining of cells in which certain dyes 
were repeatedly injected into the living animal. Analysis of this material 
demonstrated that such dyes as were effective; for example, pyrrol-blue, 
trypan-blue, and carmine, reached the cells in the form of particulate 
matter and therefore were a gauge of phagocytic activity (1) (2) (3) (4). 

The dyes used in the supravital technique have a more complex reac- 
tion (5) (6). They are applied to living cells which have been taken from 
the body and thus the method is allied to that of tissue culture. It is 
customary to combine Janus-green with some other dye of the class of 
neutral-red, brilliant-cresyl-blue, azure or methylene-blue GG. Janus- 
green is specific for mitochondria and, inasmuch as the cells of the blood 
develop an excess of mitochondrial material in the early phases of matura- 
tion, the use of this dye is of great value for following the life history of 
cells. Neutral-red'stains not only certain specific granulations, such as 
the basophilic, eosinophilic and neutrophilic granules of leucocytes and 
the specific granulations of the islet cells of the pancreas (7), but also the 
fluid of the vacuoles in which the living cytoplasm segregates any foreign 
material which the cell has phagocytized. By this property of staining 
the digestive fluid of these vacuoles, a wider range of phagocytic activity 
on the part of the cell can be studied than was possible with preceding 
methods. Neutral-red is used in preference to any other dye of the same 
class because its color varies from red to yellow within a certain range of 
hydrogen-ion concentration, so that it acts as a chemical indicator. The 
combination of Janus-green and neutral-red not only makes possible 
the differentiation of the types of the white cells of the blood, but also 
shows a wider range of differences in appearance, due to functional 
activity, than can be obtained in any method involving fixation of cells. 

1 From the Laboratories of the Rockefeller Institute for Medical Research, New York. 
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The supravital technique was first applied to the cells of the blood. 
Its use gave a sharper differentiation of monocytes from granulocytes 
and lymphocytes than had been obtained with fixed films. The mono- 
cyte in human blood was first distinguished by an azure granulation 
specific to this strain, but it is only in the monocyte of man that these 
granules are developed. As far as can be determined, this granulation is 
not visible in the living cell, unless it be with dark-field illumination (8) 
(9). The cytoplasm of the living monocyte in man and in all the labora- 
tory animals, however, contains certain vacuoles which are brought out 
in supravital staining but are never demonstrated in the fixed cell. In 
the monocyte these vacuoles all seem to be of the same pH value and show 
the neutral color with neutral-red. In the normal monocyte the vacuoles 
tend to be arranged in a rosette around the centrosphere, though they 
may be more diffusely scattered in the cytoplasm. Cells with the rosettes 
are more constant in the blood of the lower animals than in human blood. 
In different functional states these vacuoles vary greatly both in size and 
in number, though not in color. 

The advantage of the supravital technique to experimental pathology 
consists in the fact that the survey of the living cells of theconnective 
tissues can be made at autopsy and more data obtained concerning 
specific cellular responses to pathological agents than is visible in sections. 
In the study of fresh scrapings made from tuberculous lymph nodes of 
man and from the early lesions in experimental tuberculosis in rabbits, 
it appears that the typical epithelioid cell is a modified monocyte (10) 
(11). The living epithelioid cell is characterized by a large rosette, 
occupying the centre of the cell, and thus accentuating the position of the 
centrosphere; this rosette is made up of the same type of vacuoles that 
characterize the monocyte but they are reduced in size and at the same 
time are vastly increased in number. These observations led to a re- 
study of the cellsof the blood throughout the whole course of experimental 
tuberculosis. The rabbit was first used on account of the ease in follow- 
ing the blood of this animal over long periods of time (11). These 
preliminary studies were made in collaboration with Dr. R. S. 
Cunningham. 

The changes in the blood cells of the rabbit infected intravenously with 
a large dose, namely 1 mgm.., of bovine tubercle bacilli, strain B1, proved 
to be remarkably constant. A study of the tissues as shown at autopsy 
was made at every stage of the disease and revealed that the curves of the 
blood cells had reflected the changes in the tissues (12). 
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On chart 1 is shown a graph of the blood cells of a tuberculous rabbit 
(R 11), one of a group of 68 animals included in the same experiment. 
The graph has been made on logarithmic paper, on which the relative 
changes of the different types of cells are accurately represented. The 
red cells and the haemoglobin (Duboscq’s colorimeter, Newcomer Stand- 
ard) are shown at the top of the chart. The total white counts and the 
neutrophilic leucocytes have been arbitrarily raised to a third segment of 
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the rulings to avoid the confusion which would result if the line of the 
neutrophilic leucocytes were superimposed on those of lymphocytes and 
monocytes. 

In this experiment the animals were not kept for longevity but were 
killed at different stages in the disease. When studied for longevity, 
rabbits infected with 1 mgm. of tubercle bacilli, strain B1, have sepa- 
rated into three groups: first, those with the least resistance to the infec- 
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tion, which have died during the first sixty days; second, those with 
average resistance, which have died between the sixtieth and the one 
hundred and fiftieth day; and third, a small group which survived beyond 
this time. The animal whose blood cells are shown on this chart had 
marked resistance and was killed on the one hundred and tenth day after 
inoculation. It was still in good condition, as is shown by the fact that 
it had not lost any weight. 

No attempt was made to get hourly counts of the blood cells on the 
day of inoculation, but the records were made three times a week for the 
entire period. The first sign of change in the blood cells was a sharp rise 
in the number of monocytes on the second day after inoculation. During 
this rise, the monocytes were entirely normal. A rise in number of 
normal monocytes at this time almost always occurs. During the third 
and fourth weeks there has always been a decrease in the number of the 
elements arising in the bone-marrow: red cells and the correlated haemo- 
globin, platelets, and all three strains of the granulocytes (12). Through 
studies of the bone-marrow, it appeared that this phenomenon was due 
to such an extensive invasion of the marrow with tuberculous tissue that 
the developing normal elements were crowded out. This involvement 
of the marrow followed only massive doses of organisms for it is a tissue 
of high resistance to tuberculosis; a small intravenous dose or a subcu- 
taneous injection of organisms has not been followed by such an over- 
whelming invasion of this tissue. Likewise, in every instance in which 
the animals survived the immediate acute reaction the bone-marrow 
healed. The marrow started to regenerate even in the group that died 
before sixty days. The chart shows the rise in the red cells and haemo- 
globin as well as in neutrophilic leucocytes. The invariable sequence of 
this regeneration of the marrow was, first, a rise in the number of plate- 
lets, and, second, in haemoglobin, as if an increase in the amount of 
haemoglobin per red cell could be brought about more quickly than a 
multiplication of the number of cells; a rise in number of red cells followed 
one or two days later and the neutrophiles and basophiles began to in- 
crease in number. The last marrow cell to return to normal percentage 
was the eosinophilic leucocyte. As will be seen on the chart, the marrow 
gradually passed into a state of hyperplasia with red cells and the neutro- 
philic leucocytes both at a higher level than in the original control period. 
This phenomenon is probably the overcompensatory reaction to the 
induced hypoplasia, since it involves the red cells as well as the granulo- 
cytes. On account of this general hyperplastic reaction, it is not easy to 
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analyze the specific response of the leucocytes to caseation, on this chart. 
Medlar (13) has emphasized a shift to the left in leucocytes in the human 
disease as an index of caseation. This rabbit had a moderate amount 
of caseation in the lungs. 

The specific reactions of the blood cells to tuberculosis are shown by the 
two strains, monocytes and lymphocytes. In general, changes in the 
lesions are reflected by the monocytes; and, in the resistance of the 
animal, by the lymphocytes. It will be noted on chart 1 that there was 
a sharp rise in monocytes to about 4,000 per cubic millimetre on the 
eighteenth day after infection. This period corresponds to the time 
when the bone-marrow, spleen and lungs are massively involved with 
tuberculous tissue, which is to some extent in the form of tubercles, but 
also in diffuse, extending masses of epithelioid cells and giant cells. Cor- 
responding to this extensive development of epithelioid cells in the 
tissues, monocytes flood out into the blood-stream; they are in part 
young, newly formed monocytes, but also in part monocytes stimulated 
by the infection into forms that are the transitional stages between the 
monocytes and the epithelioid cells. These monocytes have a rosette 
that covers a greater area than in the normal cells; they frequently show 
a few refractile bodies in the periphery of the cell and occasionally have 
two nuclei. Like the epithelioid cells of the tissues, they are young 
forms with basophilic cytoplasm and great masses of tiny mitochondria. 
They are an accurate reflection of the changes which are going on in the 
connective tissues. Occasionally an epithelioid cell as typical as any in 
the tubercles is seen in the blood-stream, but they are less numerous than 
the stimulated transitional types. The most extreme rise in monocytes 
at this stage has been to about 9,000 cells. 

Following this sharp rise in monocytes, it will be noticed on chart 1 
that there was a fall in the number of these cells; this decrease in mono- 
cytes in the blood corresponds to a period in which the early extensive, 
diffuse reaction of the tissues shows some regression. The regression 
of the lesions in the marrow has already been mentioned; the same phe- 
nomenon takes place in the spleen. All of the rabbits which have died or 
were killed during the acute phase of the disease have shown massive 
involvement of the spleen; the organ has varied from three to seventeen 
times its normal average weight. The rabbits which have survived this 
acute phase have shown spleens of normal or nearly normal weight and 
little tuberculous involvement. At the same time, there is probably a 
considerable regression of the primary diffuse reaction in the lungs. 
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Following this stage of the disease, shown by falling numbers of mono- 
cytes in the blood and partial regression of lesions in the tissues, this 
animal then passed into the middle phase of the disease, which was 
characterized by slowly and gradually rising numbers of monocytes in 
the blood. The tissue changes which are correlated with this phase of 
the blood picture are a continued healing of the lesions of bone-marrow 
and spleen, together with an advancement of the chronic tubercles in 
the lungs; and, if the animal survives a sufficient time, the development 
of lesions in the kidneys, the eyes, and in the case of male animals, in 
the testicles. 

On chart 1 it will be noted that, after a slight decrease in lymphocytes, 
they were maintained from the fiftieth to about the ninetieth day at a 
little above 2,000 cells per cubic millimetre, and were rising slowly above 
this level when the animal was killed. It will be noted on this chart that 
all three curves of the white blood cells increased gradually in lines 
approximately parallel to the count of the total white cells. In general, 
all of the animals which survived into this phase have shown the increase 
in leucocytes correlated with the regeneration of the bone-marrow 
and a rise in numberof monocytes correlated with the increase in tubercu- 
lous lesions in the tissues. Only the animals with good resistance have 
shown such a rising curve of lymphocytes. At autopsy this rabbit (R 11) 
had moderate tuberculosis in one lung and extensive lesions in the other; 
the bone-marrow was entirely healed and hyperplastic; the spleen was 
likewise healed and had many active malpighian follicles, while the 
lymph nodes showed much cell division. 

To contrast with this chart from an animal with good resistance is 
shown chart 2, giving the studies of the blood of rabbit R 72, which died 
on the eighty-sixth day of the disease. This rabbit had received twenty 
injections of treated rooster serum before inoculation.2 The infecting 
dose of organisms was 2 mgm. of tubercle bacilli, strain Bi. The reac- 
tion of the bone-marrow, as indicated by changes in the numbers of red 
cells and neutrophilic leucocytes, was the same as shown in chart 1; 
the early rise in monocytes was a little more sustained; there was the 
same temporary fall in monocytes on three successive counts around 
the thirtieth day and then a gradual rise in these cells until near the end, 
when they fell precipitously. The principal difference between this 
chart and the preceding one is in the curve of the lymphocytes; with a 

2 See chart 9, p. 131, Doan, C. A., and Sabin, F. R., J. Exper. Med., 1930, lii, supplement 
no. 3, cap. iv. 


| 
ie 
| 
A 
| 
i 
| 
| 
| 4 
| 
a 
if. 


CELLULAR STUDIES IN TUBERCULOSIS 159 


rising line of the total white count, of the neutrophilic leucocytes and 
monocytes, the lymphocytes, on the other hand, showed a progressive 
decline to the level of 500 cells per cubic millimetre. At autopsy the 
animal showed extensive tuberculosis of both lungs, and considerable 
involvement of the kidneys. 
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This second series of studies in experimental tuberculosis in rabbits 
was made in collaboration with Dr. C. A. Doan (12) (14), and from 
these studies we formulated the theory that the ratio of monocytes to 
lymphocytes in the peripheral blood was an important index of the condi- 
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tion of the animal. It is clear from the preceding account of the periphe- 
ral blood in tuberculous rabbits that the numerical ratio of these two 
cells does not cover the whole matter, because these two strains of cells 
respond to two different factors in the disease. As has been explained, 
the monocyte, as the forerunner of the epithelioid cells, reflects an increase 
in the specific lesions. Qualitative changes in this strain of cells toward 
the epithelioid type may be as significant as the actual number of cells. 
The monocyte bears a specific relationship to tuberculosis, not only 
because it is the forerunner of the cell which is the structural unit of 
the tubercle, but also because it is probable that the tubercle bacillus 
is able to survive for long periods of time within this cell. The studies 
on the life cycle of the tubercle bacillus made by Kahn, et al. (15) (16) 
(17), in which he has followed a single bacillus breaking down into non- 
acid-fast granules which then became acid-fast rods again, make it clear 
that we have not yet at hand an adequate method for following the life 
of the bacillus within the monocyte. However, the evidence of massive 
numbers of the bacilli in the cells in tissue-culture (18) and the proved 
viability of the organisms in old and caseous tubercles indicate that there 
must be a prolonged symbiosis between the monocyte and the tubercle 
bacillus and not such a rapid intracellular destruction of bacilli as 
occurs with most bacteria. 

Lymphocytes, on the other hand, appear to be correlated, not with the 
actual state of the lesions, but rather to the state of general resistance on 
the part of the animal. By comparing the two charts which we have 
given, it is clear that this strain of cells may increase with the monocytes 
or may vary in reciprocal relationship. Both of the animals showed a 
rising curve of monocytes which was correlated with the progressive 
extension of tubercles; but in the one instance (rabbit R 11), the increas- 
ing lymphocytosis was correlated with a well-maintained resistance and 
in the other (rabbit R 72) the falling lymphocytes paralleled a period of 
decreasing resistance. 

The value of the quantitative and qualitative study of the monocytes 
and lymphocytes in the peripheral blood in the clinical study of tubercu- 
losis has now been repeatedly confirmed (19) (20) (21) (22) (23) (24) (25) 
(26). In a limited clinical experience we have found that a persistent 
monocyte-lymphocyte index around 1, in which both lymphocytes and 
monocytes are maintained from 10 to 12 per cent without leucocytosis, 
may well be heeded by the physician even in the absence of other marked 


physical signs. 
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It is well known that the problem of resistance in tuberculosis is one 
of extreme complexity. There are many variables both of the tubercle 
bacillus itself and of the host. Modern bacteriology has now revealed 
some of the complex factors in the life of the tubercle bacilli. It has 
been proved that the virulence of a given strain may be varied by cultural 
conditions (27) (28) (29); the organism has an exceedingly complex life 
cycle with non-acid-fast as well as acid-fast phases (15) (16) (17) (30); 
the dissociation of a given strain may give rise to two organisms which 
produce two entirely different types of disease, not to mention all of the 
relatively fixed types of tubercle bacilli and the intermediate strains of 
organisms to which species of animals are so differently susceptible. 

The study of resistance, on the other hand, has naturally centered in 
considerable measure around the disease in man. It is generally con- 
ceded that resistance is only relative; that an adequate amount of resist- 
ance can be acquired, but perhaps only through infection. This concept 
is the basis of all of the methods to build up resistance through vaccina- 
tion either with attenuated or killed bacilli. 

The disease set up by the tubercle bacillus differs from the response 
to most other pathogenic bacteria in that it is a very chronic new growth 
of connective-tissue cells quite specific in type. For this reason the 
early pathologists classified this disease under a name, now abandoned, 
namely, the infectious granulomata. This characteristic new growth of 
tissue, in which the essential element is the epithelioid cell, the unit of 
the tubercle, can be produced, as has long been known, by dead bacilli 
quite as characteristically as by the living organism. Indeed, it is proba- 
ble that in the actual infection dead and disintegrating bacilli play a large 
réle in the production of tubercles, thereby setting up a vicious cycle in 
this disease. 

In a recent plan for codperative research, undertaken by the Research 
Committee of the National Tuberculosis Association, of which Dr. 
William Charles White is Chairman, an attempt has been made to find 
out which factors of the disease can be reproduced by chemical fractions 
isolated from tubercle bacilli (31). Four typical acid-fast strains, the 
human, bovine, and avian tubercle bacilli, and the timothy-grass bacillus, 
have been grown on standard media by the H. K. Mulford Company in 
quantities adequate for chemical analysis. The bacilli and the media on 
which they have been grown have been submitted to chemical analyses, 
and the products of the analyses have been used to dissect the disease, 
as it were, into its component elements. 
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The plan of biological work in this study has been to test each fraction 
in normal and tuberculous animals to find out its specific reaction in 
relation to the disease. In the chemical work the methods have been so 
carefully standardized that the same kind of material could be duplicated 
in subsequent analyses of the same strain of organisms and comparable 
material obtained from the different strains. The first fractions tested 
have been in every case mixtures. Thus the original lipoids have not 
been free from protein nor the proteins free from carbohydrates, but these 
materials, relatively crude in the chemical sense, have been tested for 
biological activity; and wherever abnormal biological reactions have 
occurred, they have been sought for with purer and simpler fractions 
isolated by subsequent analyses. 

Since it is known that there is no constant and simple serological reac- 
tion in tuberculosis, and since the cellular proliferations are so important 
a part of the disease, it is essential to test all of the chemical fractions in 
regard to their power to cause any specific increase in connective-tissue 
cells. Moreover, since two strains of cells, in particular, monocytes and 
lymphocytes, appear to be especially significant in this disease, it is 
clear that, if specific maturation factors for these cells could be discovered, 
a new experimental attack would be opened up for testing the effect of 
these cells on resistance to this infection. 

None of the primary substances from the tubercle bacillus has proved 
inert. The proteins have been found by F. R. Miller (32) to be so defi- 
nitely a stimulant for plasma cells as to make possible the study of their 
complete life-cycle. The polysaccharides damage leucocytes, and there- 
fore give excellent material to follow their destruction by clasmatocytes 
(14). Neither of these two groups of chemical substances, though used 
in repeated experiments with few and with many injections, has ever 
produced tubercles. 

By means of the lipoid fractions, on the other hand, it has been possible 
to produce tubercles similar to those of the infection and to those pro- 
duced by dead tubercle bacilli. The analyses of the lipoids were made 
by Dr. R. J. Anderson, e¢ al. (33) (34) (35) (36) (37). He found that the 
part of the lipoid which is insoluble in alcohol and soluble in chloroform 
gives the property of acid-fastness to the bacilli. This acid-fast lipoid 
is a wax-like substance, though not a wax in the strict chemical sense, 
since it is not an ester of a higher alcohol. This material produced a 
moderate amount of tubercular tissue, which was proved to be due to its 
content of certain saturated fatty acids of high molecular weight. The 
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residue after these acids had been extracted in the form of an unsaponifia- 
ble material was a stimulant for young, undifferentiated connective-tissue 
cells, but it did not produce epithelioid cells. Seen in fresh tissues these 
cells were intact, with clear cytoplasmic borders, but in section they 
appeared as masses of nuclei with little or no detectable cytoplasm. 

The part of the lipoid soluble in alcohol had none of the property of 
acid-fastness. It contained phosphorus and Dr. Anderson found it to 
be a phosphatide. On analysis it yielded oleic acid, glycerophosphoric 
acid, a sugar, a new saturated fatty acid which has been called phthioic 
acid. It had 0.347 per cent nitrogen, and hence probably contained 
either some protein or protein-degradation products. The original 
phosphatide proved to be a remarkable stimulant for epithelioid cells 
and it has been studied more intensively than the other substances. It 
is a material suitable for the study of the relationship between monocytes 
and clasmatocytes. 

The relationship between these strains of cells is one of the most difficult 
problems in connection with the cells of the connective tissues. Much 
evidence has been brought forth to show that the monocyte is a connec- 
tive-tissue cell and that there is no such normal store of monocytes as 
exists for the granulocytes in the bone-marrow and for the lymphocytes 
in the lymph nodes. It is a cell, however, which is readily produced in 
any connective tissue by various forms of stimuli. Maximow (38) and 
Bloom (39) consider that the monocyte is closely related, in fact is derived 
from the lymphocyte, but most other observers regard it as much more 
closely allied to the macrophages or clasmatocytes in the connective 
tissues. The method of tissue-culture and of cinematographic films of 
living cells has shown great similarities between monocytes and clasmato- 
cytes (40) (41). They have the same type of motility, mediated by a 
surface film of great delicacy and extreme activity. This surface film is 
the organ which endows these cells with their highly specialized power of 
phagocytic activity. Both monocytes and clasmatocytes can phagocy- : 
tize the same materials, as, for example, both can take in whole red cells 
or whole leucocytes. The fact that in tissue-cultures monocytes become 
transformed into types of cells that look like macrophages has been the 
evidence supporting the view that these two types of cells are merely 
different functional phases of the same cell. It is recognized that there 
are typical monocytes which are readily distinguishable from active 
clasmatocytes, but that there are also in the connective tissues 
transitional types which are not so easily classified either in the one group 
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or the other. The concept that the monocyte and the clasmatocyte are 
merely different stages of the same cell is based on the idea that all of the 
differences between them depend on the material which they have 
phagocytized rather than that they have any differences in cytoplasm 
which adapt them toward differences in function. 

It is clear that the typical monocyte of connective tissues and blood 
may be considered as a younger type of cell than the typical clasmatocyte 
of the connective tissues; it has a more basophilic cytoplasm and probably 
more mitochondrial material. The studies of the reactions produced by 
the fractions of the tubercle bacilli have brought out certain differences 
in the reaction of these two types of cells to specific stimuli and these 
observations must be considered from the standpoint of whether the 
relative youth of the monocytic strain accounts for all of them adequately 
or not. 

The omentum is the best organ for such cellular studies; it can be 
spread out in a thin film and studied with supravital staining, and can 
then be fixed and the same areas seen in the two techniques. Moreover, 
there is no distortion in the position of cells, for the entire organ, rather 
than one section, is in view. Its structure is well known. The milk 
spots are made of young connective-tissue cells; at times all of them are 
typical monocytes; again many of them have vacuoles similar to those 
of monocytes but scattered diffusely in the cytoplasm rather than in a 
rosette; occasionally there are a few cells still more primitive in type 
like the primitive reticular cells along the capillaries. These cells show 
no sign of differentiation of cytoplasm; their cytoplasm and their nuclei 
both react but faintly to basic dyes. In the interspaces between the milk 
spots, on the other hand, are typical clasmatocytes or macrophages which 
are probably always functioning in connection with material draining 
through the omentum. 

There is the most striking contrast between the effect of intraperitoneal 
injections of tuberculo-polysaccharides and the phosphatide on the 
omentum. The immediate effect of the sugar is on the cells of the inter- 
spaces and of the phosphatide on the cells of the milk spots. This 
difference is so striking that it can be detected even with the unaided eye 
in the fresh omentum, for in the one case milk spots are accentuated 
and in the other not. 

After every injection of any of the polysaccharides thus far studied, there 
has been an exodus of neutrophilic leucocytes from the blood-vessels and 
when the omentum has been studied twenty-four hours after the injec- 
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tion, these leucocytes have been ingested by the clasmatocytes of the 
interspaces; there are frequently six to eight leucocytes in a single macro- 
phage. Thus the effect in this instance is an indirect one on the clasmato- 
cytes, for the direct action has been a toxic one on the leucocytes. When 
studied forty-eight hours after the injection, the leucocytes have been 
so completely disintegrated that only an occasional granule, stainable by 
the oxidase reaction, or a fragment of nuclear material has been left with- 
in the clasmatocytes to show the reaction. These studies with the 
polysaccharide have been repeated so many times and the reaction has 
been so uniform as to make it clear that the clasmatocyte disintegrates 
leucocytes within a period of about forty-eight hours. With repeated 
injections of the polysaccharide in the same animal, there is finally an 
effect on the milk spots consisting in an increase in the young connective- 
tissue cells which compose them but there is no stimulus toward func- 
tional activity in them. 

With the phosphatide, on the other hand, there is a direct effect on the 
cells of the milk spots while the clasmatocytes of the interspaces remain 
inert. After one, two, or three injections of the phosphatide, all of the 
cells of the milk spots enlarge and show from three or four up to ten large 
vacuoles which take the neutral shade of neutral-red. This indicates that 
these cells have phagocytized the injected material. At this time these 
cells look more like clasmatocytes than like monocytes. After a longer 
time has elapsed, the cells have changed by a multiplication of the number 
of their vacuoles and a decrease in their size, until the stage of the typical 
epithelioid cell is reached. This process may be described in three stages; 
the first, just discussed, is the stage of the few large vacuoles. In fixed 
tissues the cells of this phase appear highly vacuolated since the lipoidal 
material has been dissolved out in the processes of embedding. In the 
second stage, the living cell has a large rosette of coarse vacuoles and in 
sections the cytoplasm appears foamy. ‘The third stage is that of the 
typical epithelioid cell, in which the rosette of the living cell is of such 
tiny vacuoles that the cytoplasm in fixed tissues appears dense and 
relatively uniform. This intracellular process thus appears to involve a 
progressive dispersion of a lipoidal material into finer and finer particles. 
This type of cellular reaction is much slower than the intracellular dis- 
integration of leucocytes; in the rabbit with the phosphatide from the 
human strain of bacilli, it takes from seven to ten days to reach the stage 
of the typical epithelioid cell and after this stage has been reached the 
cell may remain as long as five months. This extreme chronicity of the 
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epithelioid type of cell suggests that the cell is not physiologically adapted 
to a more complete degradation of the phagocytized material. The time 
taken to reach the end-stage of the epithelioid type varied with the 
phosphatide from the different strains of bacilli; in the rabbit the time 
is longer with material from all of the other bacilli, namely, the bovine, 
the avian, and the timothy-grass bacillus than with the human. 

From these observations it is possible to speak of two types of intracel- 
lular chemical degradation. There is, first, the monocytic-epithelioid 
type, in which material is broken into finer and finer particles with the 
consequent multiplication of vacuoles. This reaction is slow, and pro- 
duces the epithelioid type of cell. Then there is the clasmatocytic type, 
in which materials such as ingested cells are quickly and completely 
disintegrated within one vacuole. 

If, instead of using the phosphatide, the disintegration products of this 
material are used, only the saturated fatty acid, named by Dr. Anderson 
phthioic acid, produces epithelioid cells. Injected undiluted, this acid 
was exceedingly irritating, and complex cellular reactions followed; there 
was, however, a marked maturation of monocytes. Diluted with a 
bland oil, phthioic acid gave tubercular tissue quite like that of the 
disease. The reaction was more directly a multiplication of monocytes, 
epithelioid cells, and epithelioid giant cells without the complex stages 
which followed the injection of the phosphatide. It is as if, in the one 
case, the degradation of the phosphatide was done in the test-tube, and, 
in the other, in the cell. The first specimens of phthioic acid which were 
tested were mixtures of dextro- and laevorotatory fatty acids. Dr. 
Anderson has since separated these two forms and it is only the dextro- 
rotatory form which produces epithelioid cells. 

If we consider the experiment with the phosphatide, some cellular 
difference must account for the fact that the young monocytic forms of 
the milk spots take in this material while it is rejected by the clasmato- 
cytes of the interspaces. It seems hardly possible that such a difference 
in function can be accounted for wholly on the basis that the cells of the 
milk spots are younger cells, for these very cells are the most highly 
phagocytic for this particular material. If, however, we consider the 
complexity and the variety of the chemical substances taken in by the 
phagocytic mononuclear cells, both under normal and under pathological 
conditions, and admit that the appearances of these cells must vary 
according to the material which they have taken in and how they deal 
with this material, it is clear that extraordinarily varied chemical changes 
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are being studied with very simple and inadequate tools. In the present 
state of our knowledge, we are not in a position to analyze in any clear 
way the relationships which these phagocytic cells bear to one another; 
but, when any such distinction in activity as has just been described with 
the phosphatide proves to be a constant phenomenon, it must be taken 
into consideration and given weight. The evidence from our experiments 
may be summed up in a general way as follows: That clasmatocytes and 
monocytes are both derived from the same primitive stem-cell; that they 
are very closely allied functional strains and have many characteristics 
in common; that the monocyte of the blood and connective tissues ap- 
pears to be a mature functioning strain; that it is possible that the 
monocyte may become a clasmatocyte, but that, on the other hand, the 
clasmatocyte may arise from the primitive cell without passing through 
the monocytic phase; that under experimental conditions it can be shown 
that monocytes may react to certain stimuli to which adjacent clasmato- 
cytes appear to be inert; that in these reactions the monocyte has what 
may be termed the epithelioid type of intracellular chemical reaction 
markedly developed. For all of these reasons, in describing the reactions 
of the cells of the body the terms monocyte and clasmatocyte or macro- 
phage must be retained, even though definite signs of differences in cyto- 
plasm adapted to differences of chemical activity toward phagocytized 
material have not been established. 

The tuberculo-phosphatide gave also an opportunity to restudy the 
relationships of giant cells produced in the connective tissues by the 
reaction to foreign bodies. In the masses of epithelioid cells induced by 
the injection of the phosphatide, it was found that though these cells 
multiply by mitosis, there was also a marked tendency toward amitosis 
which gave multinuclear epithelioid cells, or epithelioid giant cells of 
the so called Langhans type. On account of the large rosette of vacuoles 
which occupies the centre of these epithelioid giant cells, their nuclei 
occupy the peripheral position (14). By means of repeated subcutaneous 
injections of agar-agar into rabbits, Forkner (42) was able to induce so 
extensive a production of the so called foreign-body type of giant cell, 
the one with multiple nuclei scattered throughout the cytoplasm, that 
they flooded out into the blood-stream. In this material he was able to 
show that this type is formed by the fusion of cells. Monocytes proved 
to be the most usual cell involved in the formation of these giant cells, 
but there was also evidence that more primitive connective-tissue cells 
could also take part in this reaction. Thus, both the epithelioid giant 
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cells and the type specifically called the foreign-body type are a reaction 
to foreign material. In the one case, the phagocytosis of some material 
by a single cell has produced a large central rosette which determines 
a peripheral position of multiple nuclei formed by amitosis; in the other 
case many cells surround foreign material and fuse into a single mass in 
the effort to deal with it. 

From our studies, we have been led to consider the reaction to the 
phosphatide as so purely toward epithelioid cells that it is possible 
to speak of the so called ‘“‘phosphatide disease’ or the phosphatide 
element of the disease in connection with tuberculosis. In preliminary 
studies (43) on the pathological reaction to the smooth form of the avian 
tubercle bacilli dissociated by Petroff, et al. (44) (45) (46), we have found 
what may be termed the pure phosphatide disease in the experimental 
infection with living organisms. The smooth avian organism in roosters 
gave a type of disease in which no tubercles were seen at autopsy, but 
both liver and spleen were enlarged through an extensive infiltration of 
tubercles, too small to be seen with the unaided eye. These tubercles 
had no increase in connective-tissue cells around them and their epithe- 
lioid cells were so massively filled with tubercle bacilli that smears from 
them looked like thick films of bacilli from a pure culture. The organ- 
isms were only moderately acid-fast, as is characteristic of the S type. 
The roosters showed no allergy but had extreme loss in weight; they died 
in the acute phase of the disease. The reaction to the R type was more 
like the usual disease. The animals survived a little longer than with 
the S type; they had extensive tubercles, showed marked allergy, and 
moderate loss in weight. 

It is the general view that the development of the tubercle must be in 
some measure a protective mechanism on the part of the host. This is, 
however, by no means certain, and the question must be settled by experi- 
mentation rather than by speculation. Likewise, the theory that an 
increase in lymphocytes is correlated with increased resistance on the part 
of the animal, first suggested by Webb, ef al. (47) (48) (49) and then 
studied experimentally by Murphy and his co-workers (50) (51) (52), 
must be still further tested. 

For experimentation on the reaction of the epithelioid cell to resistance 
in tuberculosis, the phosphatide is a most valuable agent. The effect 
of the phosphatide is quite different in accordance with the route of injec- 
tion. Used intraperitoneally, it produces massive tubercular tissue under 
the serosal cells. Given by this route before infection, seven rabbits 
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receiving intravenous injections of tubercle bacilli all died under sixty 
days, indicating a well-defined decrease in resistance over the controls (14). 
In this instance the increased tubercular tissue was correlated with 
decreased.survival. When given intravenously, in antigenic doses, on 
the other hand, some rabbits develop antibodies to the phosphatide, 
though of low titre. Other rabbits develop typical tubercles in the lungs 
and in other organs, and all of the animals receiving the phosphatide 
intravenously show some damage to the fat content of the bone marrow 
(14) (53). After repeated intravenous injections of this material, we 
have also observed a loss in weight. It is clear that epithelioid cells, 
artificially produced in the lungs, are not as readily absorbed as when 
so produced in the lining of the peritoneal cavity. These reactions to the 
phosphatide, as well as the effect of injections of serum containing anti- 
phosphatide, are being studied further. 

We have also sought to reduce monocytes and study the effect of this 
procedure on tuberculous infection. We produced a serum in roosters 
which seemed to have a more damaging effect on rabbit monocytes than 
on the other cells of the blood (14). It was produced by using the lungs 
of tuberculous rabbits as antigen; they contained living bovine tubercle 
bacilli but the roosters did not develop any tuberculous lesions and their 
serum did give a sustained decrease in monocytes in rabbits. Of six 
rabbits treated with this serum, none died under sixty days. Thus it 
may be said that the results of our experiments on the effects of increas- 
ing and decreasing monocytes, though meagre, are not against the con- 
cept that the epithelioid cell is not a protective mechanism for the 
host (14). 

Methods for increasing lymphocytes have been applied to the study 
of resistance in tuberculosis by Murphy and his co-workers (50) (51) (52). 
They found that X-rays in properly graded doses and dry heat, applied to 
the animal, had a similar effect on the lymph nodes of the body; there 
was a preliminary destruction of cells in the lymph follicles, followed by 
an increased cell-division with resulting hyperplasia. With these stimuli 
to lymph nodes there was an increase in the lymphocytes in the blood, 
and animals so treated showed an increased resistance to tuberculosis. 
Wiseman (54), using intravenous injections of foreign protein, albumin, 
normal horse-serum, and the embryonic extract used by Carrel (55) (56) 
as the stimulant for growth in tissue-cultures, has produced a general 
hyperplasia of all the lymphoid tissue of the body. This was reflected 
in the blood by a marked and sustained lymphocytosis, in which Wiseman 
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found it possible to work out the complete life-cycle of the lymphocytic 
strain. There was a marked increase in the proportion of immature 
lymphocytes in the circulating blood during these injections (57). By 
these various means for stimulating lymphocytes methods are given 
for the study of the effect of the lymphocytic strain, both in their imma- 
ture and in their mature phases, on resistance to tuberculosis. 
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THE MONOCYTIC REACTION IN TUBERCULOSIS! 
R. GOTTLIEB 


The importance of the blood-picture in the prognosis of tuberculosis 
has been stressed a great deal. A high lymphocytic count was recognized 
as a favorable sign by the older clinicians, but was very much emphasized 
by Skoda. All these early observations were purely empirical and lacked 
a scientific foundation. The first attempt to explain the réle played by 
the lymphocytes in a tuberculous infection was made by Bergel (1). He 
claimed that the lymphocytes produce a fat: and lipoid-splitting fer- 
ment, with the aid of which they phagocytose and digest the tubercle 
bacillus. Bergel’s work has found great opposition, since he did not 
separate lymphocytes from monocytes, a fact which with our present 
knowledge invalidates his conclusions. The studies of Ribbert (2), 
Metchnikoff (3), Aschoff (4), and Kiyono (5), definitely prove that the 
lymphocytes never become phagocytic. 

With increase in the knowledge of the reticuloendothelial system, more 
and more light was thrown on the subject. Before going into further 
detail, a few words should be said about our present state of knowledge in 
regard to the monocytes. Although it is quite definitely known to-day 
that at least some of the monocytes of the circulating blood are derived 
from the reticuloendothelial system, the question of the origin of the 
monocytes is far from being settled. The first definite proof of reticulo- 
endothelial cells in the peripheral blood was brought forward by Kiyono. 
He could show that the venous channels of the omentum, spleen, and 
liver are rich in vital-staining cells, that is, reticuloendothelial cells. 
They can be traced to the lung, where the majority are destroyed, while 
others reach the left heart by the pulmonary vein and undergo rapid 
disintegration there. A certain number, however, although compara- 
tively small, are carried on in the peripheral blood and form a normal 
constituent of the corpuscular elements of the blood. The mononuclear 
cells of the blood are rather difficult to study, since ordinary staining 
methods do not bring out the finer and characteristic differences of the 

1 From the Medico-Surgical Pulmonary Clinic, Royal Victoria Hospital, Montreal, Que- 
bec, under the auspices of the John W. Flinn Research Fellowship in Tuberculosis. 
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different mononuclear cells. The introduction of intra- and supravital- 
staining methods has greatly advanced the recognition of the different 
mononuclear types. The first attempts to classify the mononuclear 
cells of the blood with the aid of these vital staining methods were made 
by Kiyono (5). He differentiated three types of mononuclear cells: 


1; Mononuclear cells with a round or indented nucleus, which are also found 
in lymph-vessels. They do not stain intravitally or supravitally. 

2: The so called transitional cells of Ehrlich or monocytes of Naegeli. They 
stain supravitally. Kiyono thought them to be of myeloid origin. ‘i 
3: Intravitally-staining histiocytes,—histoid monocytes. i 


Schilling (6) believes that all mononuclear cells of the blood, with the 
exception of the lymphocytes, are derived from the reticuloendothelial . 
system. His views are strongly supported by American investigators. 1 
Sabin (7), in her studies with the supravital staining method, thought at 
first that she was able to group Naegeli’s monocytes and Kiyono’s histio- fe 
cytes in one group. In her more recent investigations, however, to- ‘a 
gether with Cunningham and Doan, she returned to the original idea of al 
three types of monocytes: 


1: Large lymphocytes. 
2: Naegeli’s monocytes, which are derived from the reticulum cells and are 
therefore of reticuloendothelial origin. 

3: Clasmatocytes, corresponding to Kiyono’s histiocytes, which derive from 
the endothelial cells and therefore also derive from the reticuloendothelial 
system. 


Although Sabin and her co-workers differentiate three types of mono- 
cytes, they are only subdividing the monocytes of reticuloendothelial * 
origin into two groups. 

Goldmann (8), Kiyono (5), and others working with vital dyes came 
to the conclusion that the essential cell of the tubercle, the epithelioid 
cell, is derived from cells of the reticuloendothelial system. Sabin (7) 
and her co-workers believe the monocyte of reticular origir (Naegeli’s 
monocyte) to be the source of the specific epithelioid cell of the tubercle. 
They conclude their work with the following words: 


We are now presenting evidence to show that the infection of tuberculosis 
causes an over production of the monocytes, including all of its stages, namely 
the reticular cell, the typical monocyte and its two derivatives, the epithelioid ss 
cell and the giant cell; that the tubercle bacillus so alters the cytoplasmic activ- F 
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ity of the monocyte, that the cell becomes a suitable medium in which the 
bacillus can live and multiply, or in other words, that the organism of tubercu- 
losis becomes a parasite within the cell; and that the marked over production 
of monocytes in the connective tissue is correlated in the acute phase of the 
disease with an increase in monocytes in the circulating blood. 


From that point of view it seems to us rather important to study the 
fate of the tubercle bacillus in the cytoplasm of the monocytes in more 
detail. 


TABLE 1 
Cellular reaction following injection of human tubercle bacilli 


ist DAY | 2ND DAY | 3RD DAY 4TH pay | 5TH DAY | 6TH DAY | 7TH DAY | 8TH DAY 
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For that purpose, 17 guinea pigs were injected intraperitoneally with 
a virulent strain of human tubercle bacilli, and the exudate formed was 
studied. Several loops of a pure culture of human tubercle bacilli were 
placed in normal saline solution and an emulsion (fine) was prepared by 
shaking the mixture with glass beads. One cubic centimetre of the emul- 
sion was then injected into the abdominal cavity of each guinea pig. 
Every 24 hours some of the exudate formed in the peritoneal cavity was 
removed by means of a glass capillary. The exudate was studied by 
several staining methods: (1) supravital staining, (2) Pappenheim’s 
blood-stain, (3) Ziehl-Neelsen’s stain, and (4) Hatano’s method (com- 
bination of Ziehl-Neelsen’s and Much’s method). 


9TH DAY 
M M./L./P. 
93 
95 
94 
95 
91 Died 
95 
92 
95 
90 
10} 94 
11} 91 
12} 95 | 80)16) 4) 85/10) 5 
13 | 95 
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16| 90 | | 
q 17 | 93 | 
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The supravital and Pappenheim methods were used in order to deter- 
mine with what type of cells we were dealing in the exudate (table 1). 
The Ziehl-Neelsen method and Hatano’s combination of Ziehl-Neelsen 
and Much’s method were used for demonstration of the tubercle bacillus 
and its degenerated forms. 

After 24 hours the exudate formed was found to be quite rich in cells. 
About 90 to 95 per cent of the cells were monocytes, as could be demon- 
strated by the supravital staining method. Only an occasional polymor- 
phonuclear cell or lymphocyte was found. Tubercle bacilli were easily 
demonstrable in the cytoplasm of the monocytes by the Ziehl-Neelsen 
method. On the second day there is very little change in the quality of 
the exudate. 

On the third day the exudate shows a greater number of lymphocytes, 
which were now 5 to 12 per cent. The tubercle bacilli could be demon- 
strated by Ziehl-Neelsen’s method, while Hatano’s method showed the 
appearance of some of Much’s granules. 

On the fourth day the lymphocytes ranged between 10 and 15 per 
cent. The tubercle bacilli were best stained with Hatano’s method and 
only occasionally could a tubercle bacillus be demonstrated by Ziehl- 
Neelsen’s method. 

The studies of the exudate on the following days showed very little 
or no change in the type of cells, while the tubercle bacilli can eventually 
only be demonstrated by Hatano’s method. The majority of the animals 
died before the eighth day and only one lived ten days. The autopsy 
revealed in all of the animals a wide-spread miliary tuberculosis. 


DISCUSSION 


From the above results it can be seen that the tubercle bacillus is 
gradually digested in the cytoplasm of the monocyte. The Much’s 
granules are, as Bergel has shown, not an independent type of the tubercle 
bacillus but a degenerative form. The gradual process of degeneration 
can be seen in figures 2 and 3, in which some part of the tubercle bacillus 
is stained by Ziehl-Neelsen, while the other part shows Much’s granules 
in the same organism. 

The importance of the above findings lies in the fact that the tubercle 
bacillus degenerates in the cytoplasm of the monocyte, and that there- 
fore the monocytic reaction in a tuberculous process is at least an attempt 
to combat the infection. There is considerable evidence in the litera- 
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Fic. 1. Tubercle bacilliin monocytes. Ziehl-Neelsen’s stain. Exudate of guinea pig two 
days after injection. 


Fic. 2. Tubercle bacilli in monocytes. Hatano’s method. Exudate of guinea pig three 
days after injection. 


Fic. 3. Tubercle bacilli in monocytes. Hatano’s method. Exudate of guinea pig five 
days after injection. 
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ture, that the reticuloendothelial system plays an important réle in 
immunity processes; it is therefore quite reasonable to assume that the 
moncytic reaction in a tuberculous infection should be at least an at- 
tempted protective mechanism. 

Although Bergel’s work cannot be accepted in its entirety on account 
of his morphological error in grouping monocytes and lymphocytes to- 
gether, we are not able to deny the possibility of a fat- and lipoid-split- 
ting ferment, which may be formed either by the lymphocytes or perhaps 
by the monocytes themselves. That is however theory, and requires 
further investigation. 


CONCLUSIONS 


The tubercle bacilli, which are phagocytosed by the monocytes, de- 
generate in the cytoplasm of these cells. The monocytic reaction in a 
tuberculous infection is therefore claimed to be at least an attempted 
protective mechanism. 
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THE BEHAVIOR OF THE MONOCYTES IN TUBERCULOSIS 
IN CHILDREN? ? 


WILLIAM ANTHONY REILLY 


Blackfan (2), (3) and Diamond (1), and Rogers (4) have demonstrated 
an increase in numbers of monocytes and a decrease in lymphocytes in 
active miliary tuberculosis in children. Sabin and Cunningham (5) 
believed that monocytes increased because they were possibly the pre- 
cursors of giant cells in tubercles. It was thought advisable to make 
similar studies of children with hilar-lymph-node and pulmonary-tuber- 
culosis lesions. 


PROCEDURE OF STUDY 


A group of 32 girls, from 6 months to 14 years of age, with tuberculosis, 
mainly the hilar-node lesions, was followed for a period of six months, 
with 5 nontuberculous girls as controls. Sabin’s (6) supravital-dye 
technique, with Janus-green and neutral-red stains, was used. The fol- 
lowing data were noted on each patient at every study: Total white-cell 
count, the differential count by Wright’s stain (for comparison with the 
supravital dye), actual numbers and percentages of lymphocytes and 
monocytes, and the ratio of monocytes to lymphocytes in the two stains. 
Comparisons of the above data were made with the clinical impression of 
a case. Blood counts were repeated at frequent intervals, to note any 
fluctuations in the numbers of cells. A total of 127 separate counts was 
done on supravitally stained smears. 

The monocytes and lymphocytes are expressed in ratios borrowed from 
Blackfan and Diamond. The ratio is of monocytes to lymphocytes. If 
activity is present the number of monocytes is said to increase and the 
number of lymphocytes to decrease and the ratio of monocytes to lympho- 
cytes to become high. With the inactivity of a lesion the reverse is 
supposed to hold true, and the ratio is low. 


1 From the Department of Pediatrics, University of California Medical School, San Fran- 
cisco, California. This work was done in the University of California Children’s Tuberculosis 
Ward in the San Francisco Hospital, service of Dr. Esther Rosencrantz. 

2 Read before the Pediatrics Section of the California Medical Association, at the Sixtieth 
Annual Session, San Francisco, April 27-30, 1931. 
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The ratio of these cells and their numbers were compared with the 
clinical impression of a patient, with the idea of determining whether 
such procedures would or would not corroborate the clinical impression 
in a given patient. Table 1 is of normal values. 


TABLE 1 


Blackfan’s and Diamond’s normal values for total numbers of white blood cells, monocytes, 
lymphocytes and monocyte—lymphocyte ratio 


WHITE BLOOD MONOCYTES LYMPHOCYTES MONOCYTE- 
Percentage Total Percentage Total 
6 months 12,000 5 600 50 6,000 1:10 
6-12 months 11,000 6 660 44 4,840 i738 
1- 4 years 9,000 8 720 32 2,880 1:4 
4-12 years 9,000 8 720 27 2,430 hid: 
Adults 8,000 7 560 24 1,920 { ra 


DISCUSSION 


Wright’s stain is inferior to the supravital stain, Janus-green and 
neutral-red for staining monocytes, as table 2 shows. 

The value of the procedure is shown in the case of M.T. She had had 
weeks of afternoon fever from 101° to 103°, to June, 1930, with positive 
sputum and ulcerative pulmonary and intestinal lesions. Bloody diar- 
rhoea had ceased in March, the quantity of sputum was decreasing and 
the temperature had never been so low for such a long period as from 
mid-June to October. Table 2 bears this out, for the ratio of monocytes 
to lymphocytes and the numbers of monocytes (table 3) are high up 
to early July, the period of activity. Then the ratio and number 
of monocytes diminish to mid-September, the period when inactivity set 
in. On July 5 a shower of monocytes, 3,708 (560 is normal), appeared in 
the blood-stream. This might be interpreted as an effort of the bone- 
marrow to throw out great numbers of phagocytic monocytes capable of ’ 
absorbing and detoxifying the bacilli. The clinical improvement, how- 
ever, was evident several weeks (mid- June) prior to the laboratory evi- 
dence (early July). 

Examination of table 2 will furnish other examples of the value of the 
ratio. By the ratio of monocytes to lymphocytes in the active cases the 
clinical impression was corroborated in 62.5 per cent. By the same ratio, 
in the inactive cases the clinical impression was corroborated in 92.3 per 
cent, the more valuable of the two. Inactive cases are very nearly 
normals. 
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However, the ratio and the actual number of monocytes may mislead 
one in giving a prognosis. As with most laboratory procedures, it should 
never be taken as a sine qua non. Thus C.C. had a lowering of the ratio 
and the monocytes until the latter were 582 on September 11 (720 is 
normal). Such evidence of quiescence was misleading because one 
month later, on October 12, there was an haemoptysis of one-half ounce 
and after this the sputum again became positive for bacilli. 

The controls, nontuberculous patients, had the ratio and number of 
monocytes at figures lower than those cited by Blackfan as normal. 
This was due to the difficulty of recognizing cells when so few were present 
as in the normal blood-stream. 

The actual numbers of monocytes in the different counts are given 
in table 3. They parallel the ratio of monocytes to lymphocytes fairly 
constantly and may be a more reliable index of activity or inactivity than 


TABLE 4 
Corroboration of clinical impression 


BY RATIO OF | BY ACTUAL NUM- 
MONOCYTES TO BER OF 
LYMPHOCYTES; MONOCYTES; 

TABLE 2 TABLE 3 


per cenit per cent 


Clinically active 62.5 62.5 
Clinically inactive 92.3 76.9 


the ratio. Thus D. B. (table 2) on July 5 had a ratio of 1:4.8 corroborat- 
ing the impression of inactivity yet 920 monocytes are much higher than 
720, the normal. Does this mean activity and is the clinical impression 
incorrect? 

By actual numbers of monocytes the clinical impression of activity was 
corroborated in 10 of 16 patients, or 62.5 per cent, and of inactivity in 10 
of 13 patients, or 76.9 per cent. This latter figure is below that by the 
ratio in the inactive cases of 92.3 per cent. This difference bespeaks the 
greater value of the actual numbers of monocytes rather than the ratio of 
monocytes to lymphocytes in the question of inactivity or of activity in a 
lesion. 

Table 4 is a brief summary of findings. 


COMMENT 


The monocyte count and ratio give valuable evidence in most of the 
cases of hilar-lymph-node tuberculosis. However, the technique has 
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several disadvantages: fresh stains, clean slides, a warm box for the 
microscope and about 45 minutes for each examination are necessary. 
The recognition of these cells must be mastered before their actual 
enumeration can be undertaken. 

Great variability in the ratio and actual number of monocytes even ina 
single patient, as noted in the tables, has also been observed by previous 
authors (Rogers (4)). M.T. (table 3) had anywhere from 1,190 to 3,708 
monocytes with sudden changes in their numbers; likewise the sudden 
and great change in the ratio of monocytes to lymphocytes. 

Patients here reported did not have as high percentages or as great 
numbers of monocytes as previous workers have reported. Our patients 
were mainly hilar-node cases of mild activity and toxicity and not ful- 
minating cases of miliary tuberculosis. 


CONCLUSIONS 


1. Thirty-two tuberculous and 5 nontuberculous girls were studied by 
Sabin’s (6) supravital blood-staining technique for monocytes from 
May until October with repeated examinations. The patients had 
mainly hilar-node lesions. Percentages and actual numbers of lympho- 
cytes and monocytes were computed. A comparison was afforded by 
simultaneous Wright’s staining, which is inferiorin picking out monocytes. 

2. In clinically active tuberculosis the results of supravital staining, as 
judged by the ratio of monocytes to lymphocytes and actual numbers of 
monocytes, corroborated this clinical impression of activity in 62.5 per 
cent of the patients. 

3. The ratio of monocytes to lymphocytes corroborated the impression 
of clinical inactivity in 92.3 per cent of the patients, while the actual 
number of cells corroborated this impression in only 76.9 per cent. 

4. The method is somewhat tedious and time-consuming, and not 
practical except for a large number of patients. 

5. Results confirm the observation that in active tuberculosis the 
monocytes increase in number and the lymphocytes decrease, while the 
reverse holds true when inactivity sets in. 
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A STUDY OF THE LARYNGEAL EFFECTS OF COLLAPSE 
THERAPY IN LARYNGOPULMONARY TUBERCULOSIS! 


ALEXANDER T. COOPER? anp OTIS O. BENSON? 


This study was made of cases of pulmonary tuberculosis, which had a 
complicating tuberculous laryngitis and in which pulmonary-collapse 
therapy was used, either induction of artificial pneumothorax, phrenic 
exairesis or thoracoplasty for the pulmonary disease. The results on the 
laryngeal involvement were noted. 

Tuberculous laryngitis is generally a complication of pulmonary tuber- 
culosis, and not a clinical entity in itself, and, when there is in any patient 
a chronic laryngitis with pulmonary tuberculosis, for all practical 
purposes this involvement of the larynx may be considered to be tuber- 
culous, until proved otherwise. Of course, in rare instances, other condi- 
tions of the larynx that may be present may simulate tuberculous laryn- 
gitis, for instance, cancer and syphilis. These can be differentiated, as 
a rule, by the history and age of the patient, laryngoscopic examination 
and complete laboratory findings. Pain is usually more marked in 
tuberculous laryngitis; this is not constant however, and extension is not 
so rapid as in the other two conditions. Tuberculosis of the larynx, 
therefore, may always be considered a complication of coexisting tuber- 
culosis elsewhere in the body, and the amount of involvement in the 
larynx is usually a good index as to the general condition and immunity 
of the patient. 

Ulceration is usually present in chronic tuberculous laryngitis, par- 
ticularly in cases of long standing, but the laryngitis, as a rule, begins 
acutely as an exudative and oedematous process. 

Not a few cases are on record in which a tuberculous laryngitis was 


stated to have existed without clinical evidence of any tuberculous focus, 


but it is quite probable that a complete and exhaustive study of many, 
if not most, such cases might have resulted in the finding of tuberculous 
disease elsewhere. Reputable authorities have noted tuberculosis of the 


1 From the Medical Service, Fitzsimons General Hospital, Denver, Colorado. 
2 Lieutenant-Colonel, Medical Corps, U. S. Army. 
3 ist Lieutenant, Medical Corps, U. S. Army. 
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middle ear as a primary tuberculous focus upon which tuberculous laryn- 
gitis has been superimposed. 

Some 42 cases of pulmonary tuberculosis having as a complication 
tuberculous laryngitis, in which collapse therapy was not instituted, are 
also listed in this paper for purposes of comparison. 

The incidence of tuberculous laryngitis in pulmonary tuberculosis has 
been established by various observers to be from 5 to 50 per cent, and we 
have found it to be not an uncommon complication in pulmonary tuber- 
culosis at our institution. All patients, on being admitted to Fitzsimons 
General Hospital for treatment of pulmonary tuberculosis, are routinely 
examined for evidence of laryngeal tuberculosis. This is done on their 
preliminary examination and repeated monthly, or oftener if symptoms 
arise necessitating such examination, by the Ward Officer in charge of 
the tuberculosis ward in which the patients are assigned. This applies 
most particularly to infirmary ward cases, but is not adhered to strictly 
in the ambulant wards unless symptoms arise, such as hoarseness, 
aphonia or sore throat. 

It may be well to remark at this time that a physician who considers 
himself a tuberculosis specialist should be familiar with the methods of 
examining the larynx and be able to recognize diseased conditions of the 
larynx upon examination. Routine examination of the larynx should 
be made by the internist at the time of a chest examination. 

An investigation of 1,152 autopsies held at this hospital from Novem- 
ber, 1920, to April, 1931, shows that in a total of 798 the principal con- 
tributing cause of death was pulmonary tuberculosis, and that 226, or 
28.3 per cent, of these 798 cases had demonstrable active tuberculous 
involvement of the larynx. At this hospital the larynx is routinely 
removed at necropsy and carefully examined for any evidence of tuber- 
culous involvement, and healed or active lesions of the larynx are noted 
in the pathologist’s report. It is then not extremely rare to find that 
laryngeal lesions have healed or are healing, while the pulmonary disease 
has been progressing. Incidentally, it is also infrequently found that a 
tuberculous enteritis may be healed, whereas the pulmonary lesions may 
be retrogressing, or pulmonary lesions may be healing with a coexisting 
extensive tuberculous enteritis which is progressing. However, in refer- 
ence to laryngeal lesions at autopsy, the usual picture is one of paralleling 
the pulmonary lesions, in which the laryngeal lesions have retrogressed 
or improved with the pulmonary lesions. It was found in 798 autopsies, 
in which the chief contributing cause of death was pulmonary tubercu- 
losis, that 39 cases, or 4.8 per cent, showed healed laryngeal lesions. _ 
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The total number of cases which are included in the study of pulmo- 
nary tuberculosis upon which collapse therapy was instituted and which, 
at the time such collapse therapy was begun, had clinical tuberculous 
laryngitis, is 106. These patients were observed over periods of time vary- 
ing from six months to six years, some of which were readmissions to the 
hospital and had been out of the hospital for various intervals. 

Table 1 shows the number and kind of collapse therapy used. When 
one type was unsuccessful, other methods, as indicated, were used in 
order, if possible, to close any cavity or to compress any extensive areas 
of pulmonary tuberculous involvement. 


TABLE 1 
Showing the type of collapse therapy instituted 


Phrenic exairesis 
Thoracoplasty 
Pneumothorax 


13 of the 106 cases received more than one type of collapse therapy, as follows: 


Pneumothorax 
Phrenic exairesis 


Pneumothorax 
Thoracoplasty 


Thoracoplasty 
Phrenic exairesis 


Thoracoplasty 
Phrenic exairesis 
Pneumothorax 


#0 
b 


These 106 patients were grouped, as to the amount of pulmonary 
tuberculosis which they had, according to the classification of the 
National Tuberculosis Association, that is, as Moderately Advanced or 
Far Advanced. None were classed as having minimal tuberculosis. 
This is shown in table 2. 

In table 2 it is seen that 26 of the patients were classified as having 
moderately advanced while 80 had far-advanced pulmonary tubercu- 
losis. The table shows a parallelism in the progress which exists between 
the pulmonary and laryngeal lesions, as well as the general trend of the 
patient’s case. Of the entire 106 cases, there were 36 which the last 
available data listed as dead. It is to be noted that only 34.6 per cent 


{i 
4 
ig 
ty 


> 
3 
: 
5 


6S) £9 


(%9°OF) 


(%19) TL 


(%ee) se 


(%1°99) 


(%6'€€) 


90T 


*** 


(%S° 1S) 9F 


(%S FE 


(%S° 19) 


(%$ 92 


(%¢°99) 


LZ 


(%b'SL) 08 


(%9°FS) $7 
(%09) st 
(%1L°99) 


07 
(%0b) 
(%e'ee) 


(%L°€9) 82 
(%L°9L) 
(%0s) 


OF 
L 
(%0S) ¢ 


(%L°€9) 82 
EL) 7 
(%0s) ¢ 


(%e'9e) 
(%9°9Z) 8 
(%0S) 


9 


poouvape 


Lt 


(%9' 6 


(%v'S9) LT 


6 


(%F°S9) LT 


6 


(%9° 92 


OT 
(%09) 9 
(%Sz) 


(%9°91) Z 
(%0r) 
(%S1) € 


OF 
(%09) 9 
(%SzZ) 


(%9°91) Z 
(%0r) 
(%SL) 


(%b'€8) OF 
(%09) 9 
(%SZ) 1 


(%9°91) Z 
(%0r) 
(%SL) 


oT 


poouvape 


peaoidunuy | peaoidwy 


peaoidurtuy | peaoiduy 


| peaoiduy 


AAVNONTNd 


NOILIGNOO TVaaNi9 


SasvO 
40 


AO NOILVOIAISSVTIO 


| 
189 
t 


190 ALEXANDER T. COOPER AND OTIS O. BENSON 


of the cases classified as “Moderately Advanced” showed laryngeal im- 
provement after the induction of collapse therapy, while 40.6 per cent 
of the far advanced showed improvement. 

Considering all the cases, this table shows that there were 36, or 33.9 
per cent, which showed improvement in their general condition, and 43, 
or 40.6 per cent, showed improvement of the laryngeal tuberculosis. 
Seventy cases, or 66.1 per cent, showed no general improvement, and 
63, or 59.4 per cent, showed no laryngeal improvement. 

In studying this series, it is found that the actual number of lobes in- 
volved is no criterion as to the improvement which may follow com- 
pression therapy, not only in the lungs but also in the larynx, but that a 
very important factor was whether the collapse obtained was satisfactory 
or not, and whether or not the larynx was ulcerated. 

Accordingly, a study of these cases was made as to whether the collapse 
therapy instituted was satisfactory or unsatisfactory, as noted in table 3. 


TABLE 3 
Effect of a satisfactory collapse on laryngeal lesions 


LARYNGITIS 


Unimproved 


9 (28.2%) 
54 (72%) 


63 (59.4%) 


Improved 


43 (40.6%) 


It is to be noted that only 32, or 30.1 per cent, had a satisfactory col- 
lapse in that actively secreting cavities and areas of active tuberculous 
inflammation were compressed. Pleuritic adhesions, failure of the dia- 
phragm to rise in phrenic exairesis and insufficient drop in thoracoplasty 
were factors noted in failing to produce a satisfactory collapse. 

Of the 32 cases having a satisfactory collapse, 23 showed laryngeal 
improvement, while 9 had no clearing of the laryngeal lesions, or they 
became worse. Of the 74 cases with an unsatisfactory collapse, 20 
showed improvement in the larynx and 54 had no such improvement. It 
is seen that 23 of the 32 patients with satisfactory collapse, or 71.8 per 
cent, had demonstrable clearing of the laryngeal lesions, while only 20 
of the 74 cases, or 28 per cent with an unsatisfactory collapse, showed 


laryngeal improvement. 
A more complete tabulation of these 106 cases was made as to the effect 
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of satisfactory collapse on coexisting tuberculous laryngitis, as shown in 
table 4. In this table is shown the general trend of the patient, the 
number and percentage showing improvement or unimprovement in the 
pulmonary lesions, and the number and percentage showing improve- 
ment or unimprovement of the tuberculous lesions in the larynx. These 
are tabulated on cases showing satisfactory pulmonary collapse and those 
showing unsatisfactory pulmonary collapse. The type of procedure in 
producing or attempting to produce a collapse is also shown. 

When reference is again made to the patients having a satisfactory 
collapse (table 4) it is seen that there was a total of 32 cases, or 30.1 per 
cent, of the total number, 106 cases. Of this group, 22, or 68.8 per cent, 
showed a general improvement, in that the patient began to gain weight, 
the temperature was much reduced or normal, strength returned, and the 
patient was definitely on an upward trend. Ten cases, or 31.2 per cent, 
were unimproved, or became worse. Twenty-one patients, or 65.7 per 
cent, showed an improvement in the pulmonary lesions by roentgenologi- 
cal study and by physical examination, while 11, or 34.3 per cent, were 
stationary or retrogressive as determined by the same means. Twenty- 
three of this group, or 71.8 per cent, had clearing to complete healing of 
the lesions in the larynx, while 9, or 28.2 per cent, remained unchanged 
or showed progression of the tuberculous invasion. It is noted that from 
28.2 to 34.3 per cent of the patients failed to show improvement in their 
laryngeal or pulmonary lesions even when the collapse was considered 
to be satisfactory. 

Of the cases studied, 74, or 69.9 per cent, were considered to have an 
unsatisfactory collapse, 14, or 19 per cent, of these showed an improve- 
ment in their general condition, while 60, or 81 per cent, were listed as 
unimproved. An equal number, 19 per cent, showed roentgenological 
and physical evidences of improvement in the pulmonary lesions, and a 
corresponding number, 81 per cent, showed no improvement. It is 
noted that 20, or 28.3 per cent, had demonstrable clearing of the laryngeal 
lesions in spite of the unsatisfactory collapse, while 54 cases, or 71.7 per 
cent, were unimproved in their laryngeal complication. 

The general condition of the patient and the progress of the pulmonary 
tuberculosis closely follows the degree to which the collapse was con- 
sidered satisfactory, but there was a higher percentage of patients show- 
ing improvement in the laryngeal lesions than showed a similar progress 
in the pulmonary lesions. This might have been due to a decrease in 
cough and expectoration, which occasionally accompanies even a partial 
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or not completely satisfactory collapse. Investigation at the Fitzsim- 
ons General Hospital has shown that, in 103 cases, in which phrenic 
exairesis was the type of collapse instituted, cough and expectoration 
was lessened in 44, or 42.7 per cent, of the patients so operated upon. 
Possibly a decreasing of trauma to the larynx by coughing less and a 
diminution in the amount of bacilli-laden sputum that bathes the laryn- 
geal mucosa make for improvement or arrest of laryngeal lesions. In 
several instances, three, patients died because of pulmonary tuberculosis 
while the complicating laryngeal lesions apparently improved. 

Further study was made as to whether the lesions in the larynx were 
ulcerative or nonulcerative. This is shown in table 5. 

Laryngitis was ulcerative in type in 28, or 26.4 per cent, of the cases, 
and nonulcerative in 78, or 73.6 per cent, of the cases. Of the 28 ulcera- 
tive cases, 9, or 32.1 per cent, were improved coincidently with collapse 
therapy and 19, or 67.9 per cent, were unimproved. When the laryn- 


TABLE 5 
Laryngitis ulcerative or nonulcerative 


ULCERATIVE (28) NONULCERATIVE (78) 
NUMBER OF CASES 


Improved Unimproved Improved Unimproved 


106 9 (32.1%) 19 (67.9%) 34 (43.6%) 44 (56.4%) 


gitis was nonulcerative, 34 of these cases, or 43.6 per cent, were improved 
by collapse therapy, and 44, or 56.4 per cent, were unimproved and be- 
came worse. It appears that ulceration of the larynx lends gravity to 
the outlook in that healing is slower and more difficult of attainment. 
This statement may be qualified by the fact that the ulcerative form of 
tuberculous laryngitis is more frequently seen in far-advanced pulmonary 
tuberculosis and appears to be one of the many symptoms which point 
toward the seriousness of the disease. It is well to bear in mind, also, 
that the ulcerative larynx is more resistant, responding slowly to all 
forms of treatment. 

At this institution 42 patients suffering from laryngopulmonary tuber- 
culosis, in whom collapse therapy was not considered advisable, were 
studied for purposes of comparison with those who had received collapse 
therapy. Thirty-four of this number had far-advanced pulmonary 
tuberculosis. 

It is noted that 15 cases, or 35.7 per cent, showed general ‘improve- 
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ment while 27, or 64.3 per cent, were unimproved; 16, or 39 per cent, 
showed clinical and X-ray evidence of healing of the pulmonary lesions, 
while 26, or 62 per cent, were unchanged or became worse as judged by 
the same diagnostic methods. Eighteen of the patients, or 42.8 per 
cent, showed healing of the laryngeal lesions, while 24, or 57.2 per cent, 
showed no improvement. Only two cases showed improvement in the 
laryngeal lesions, in whom the pulmonary disease showed no improve- 
ment; otherwise a parallel progress existed in the two tuberculous 
processes. 


TABLE 6 
Cases in which no collapse therapy was instituted 


GENERAL CONDITION PULMONARY LESIONS LARYNGEAL LESIONS 


Improved Unimproved Improved | Unimproved Improved Unimproved 


42 15 (35.7%)| 27 (64.3%)| 16 (39%)} 26 (62%); 18 (42.8%)| 24 (57.2%) 


TABLE 7 


Effect of a satisfactory pulmonary collapse on tuberculous laryngitis as compared with results in 
noncollapse cases 


GENERAL CONDITION | PULMONARY LESIONS | LARYNGEAL LESIONS 


Im- Unim- im- im- Im- 
proved | proved 


Per cent 


NUMBER OF CASES 


| Per cent 


Collapse; all types 
Noncollapse 
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When reference is again made to the results obtained in those cases 
having a satisfactory collapse of the lung for the pulmonary tuberculosis 
(table 4) it is seen that a much higher percentage of the patients show 
improvement in the laryngeal lesions than is shown in the noncollapse 
cases. This is further brought out in table 7. 

Of the patients in whom a satisfactory pulmonary collapse was ob- 
tained, 68.8 per cent showed general improvement while only 35.7 per 
cent of the “noncollapse cases” showed general improvement. Again, 
65.7 per cent of the patients receiving collapse therapy showed improve- 
ment of the pulmonary lesions, while 39 per cent of those receiving only 
the usual routine care were so improved. As regards the complicating 
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laryngeal lesions, 71.8 per cent of the collapse-therapy cases were im- 
proved, as against only 42.8 per cent of the noncollapse cases. 

While the present study was being made, it was further observed how 
other tuberculous complications, for instance, tuberculous enteritis, 
responded to the effect produced by collapse therapy on the pulmonary 
disease. Of the 106 cases previously discussed, 24 had tuberculous 
enteritis: 5 of these showed symptomatic improvement, which paralleled 
the pulmonary improvement after the institution of collapse therapy, and 
19 cases were unimproved or became worse, also closely following the 
course of the pulmonary lesions. In only one case did the tuberculous 
enteritis improve without a similar improvement in the laryngeal lesions. 
In this case the laryngitis became worse while the tuberculosis of the 
intestine and lung improved. This particular patient had ulcerative 
laryngitis. 

In these cases, it is well to add here that local treatment of the diseased 
larynx was also carried out. During the past two years, spraying or 
painting the larynx with chaulmoogra oil has been a not uncommon pro- 
cedure. Electrocauterization has also been used, but it has not been 
popular during the past two years as previously. Needless to say, total 
rest of the voice, even precluding whispering, together with rest and 
hygienic treatment, has been rigidly prescribed. 


SUMMARY AND CONCLUSIONS 


One hundred and six cases of laryngopulmonary tuberculosis were 
studied over a period of six months to six years, to determine the effect 
of pulmonary-collapse therapy on the laryngitis. Eighty, or 75.4 per 
cent, of the patients were suffering from far-advanced pulmonary tuber- 
culosis. Of the total number of these cases, 106, there was demonstrable 
improvement in the larynx in 43 cases, or 40.6 per cent, while 63, or 59.4 
per cent, showed no such improvement. 

In studying the results obtained after thoracoplasty, phrenic exairesis 
or pneumothorax it appeared that, on the whole, improvement in the 
pulmonary lesions was closely dependent upon the degree to which the 
collapse therapy was satisfactory, and that pulmonary improvement was 
paralleled by laryngeal improvement. It is also worthy of remark that 
in practically every patient collapse therapy was instituted because of 
cavitation or progressive pulmonary tuberculosis. 

Laryngeal improvement occurred in a greater number of patients than 
showed either a satisfactory collapse or demonstrable improvement in 
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the pulmonary lesions. Forty-three per cent showed laryngeal improve- 
ment and only 33.9 per cent improvement in the pulmonary condition. 
This may have been due to a lessening of cough and expectoration with 
its resultant diminution in trauma of the larynx, even in a collapse not 
considered wholly satisfactory. It is noteworthy that 71.8 per cent of 
the patients with a satisfactory collapse had clearing of the laryngeal 
lesions, while only 28 per cent of the cases with an unsatisfactory collapse 
showed such improvement. 

The ulcerative type of tuberculous laryngitis is far more difficult to 
treat, and fewer of the patients improve. This type of laryngitis is more 
frequently encountered in far-advanced cases. Of the 78 cases of non- 
ulcerative laryngitis, 34, or 43.6 per cent, were improved, while only 9 
of the 28 ulcerative cases, or 32.1 per cent, showed improvement. 

Twenty-four of the 96 patients studied had tuberculous enterocolitis 
as an additional complication to their laryngopulmonary tuberculosis. 
A lessening of the intestinal symptoms occurred in those cases showing 
laryngeal and pulmonary improvement, with the exception of one case 
in which the laryngitis retrogressed. It would thus appear that, as a 
rule, improvement or nonimprovement of tuberculous complications 
parallels the course of the pulmonary disease rather closely. 

It appears to the writers that collapse therapy in laryngopulmonary 
tuberculosis is a valuable procedure. Many of the patients classified as 
“Far Advanced” can be greatly aided; life may be prolonged, distressing 
symptoms alleviated and, in many cases, the course of the disease changed 
from steady progression to one of improvement and healing. 

Tuberculous laryngitis is, as a rule, secondary to tuberculosis else- 
where, usually in the iungs, and its evolution closely parallels that of the 
pulmonary lesion. The prognosis of this complication remains grave 
because it supervenes in the more-advanced stages of the disease. The 
institution of a satisfactory pulmonary collapse of the diseased lung in 
laryngopulmonary tuberculosis will not only benefit the pulmonary tuber- 
culosis, but the tuberculous laryngitis tends to improve, and quite fre- 
quently the lesions in the larynx can be used as a reliable index as to the 
progression of tuberculosis elsewhere in the body. 


INTRAPLEURAL PRESSURE CHANGES DURING PHREN- 
ICECTOMY IN PATIENTS WITH ARTIFICIAL 
PNEUMOTHORAX! 


CAMERON HAIGHT anp JOHN KENNETH DEEGAN 


Data are presented in this paper on the effect of phrenicectomy on the 
intrapleural pressure in patients with pulmonary tuberculosis. Con- 
tinuous readings of the intrapleural tension were recorded during the 
operation of phrenicectomy in seven patients who were being treated with 
artificial pneumothorax. In all of the patients studied the artificial 
pneumothorax was of a considerable degree, but the collapse of the lung 
had been incomplete, due to adhesions between the upper lobe and the 
chest-wall. In five of the seven cases adhesions were also present be- 
tween the base of the lung and the diaphragm. The phrenicectomy was 
done to:supplement the pneumothorax in five patients; in the remaining 
two patients it was performed as a preliminary measure to thoracoplasty. 


METHOD 


Observations of the intrapleural pressures were made by means of the 
Lesquins pneumothorax apparatus (a modification of the Kiiss apparatus), 
which permitted the reading of the actual mean pressures within the 
intrapleural space, a more accurate method than that of depending upon 
the oscillations of the manometer. In the first three cases studied only 
periodic observations of the intrapleural pressure were made during the 
operation. In the remaining four cases graphic records of the intra- 
pleural pressure were obtained by inserting the horizontal arm of a glass 
T-tube into the tubing which normally carries the air from the pneumo- ’ 
thorax apparatus to the chest. The vertical arm of the T-tube was con- 
nected with a writing tambour, which traced the pressure oscillations 

. upon a smoked kymographic record. This arrangement gave a closed 

system, which included the intrapleural space, the pneumothorax manom- 

eter and the sensitive tambour. 


1 From the Department of Surgery, Yale University School of Medicine, and the William 
Wirt Winchester Hospital, New Haven, Connecticut. j 
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Roentgenoscopic and roentgenographic examinations were made prior 
to operation, in order to determine the level and mobility of the diaphragm 
in each patient. At operation the patient was placed in a supine position, 
which was maintained throughout the procedure to prevent any postural 
influence on the intrapleural pressure. A pneumothorax needle was 
inserted in the fifth intercostal space in the anterior axillary line. The 
recording apparatus described above was attached to the pneumothorax 
needle and the phrenic nerve was exposed, using novocaine-infiltration 
anaesthesia. At this point, the operation was halted temporarily to 
obtain a record of the intrapleural pressure and to observe the mean 
pressure uninfluenced by pain or by operative manipulation, following 
which evulsion of the nerve was carried out. The roentgenoscopic and 
roentgenographic examinations were repeated postoperatively to again 
determine the level and mobility of the diaphragm. 


Report of Cases 


Case 1: Mr. F. B., age 43, was admitted August 11, 1929, with the complaint 
of loss of weight and cough of eight months’ duration. A diagnosis of far-ad- 
vanced pulmonary tuberculosis, with cavitation of the left upper lobe, infiltra- 
tion throughout the remainder of the lung and moderate infiltration of the right 
upper lobe, was made. Artificial pneumothorax, at first withheld because of 
paroxysmal tachycardia, was started on the left side on September 13, 1929. 
During the course of the pneumothorax treatment it was noted that the medias- 
tinum moved freely with respiration. Extensive adhesions between the left 
upper lobe and the chest-wall prevented collapse of the cavity. Inasmuch as 
the lower lobe was adherent to the medial half of the diaphragm, phrenicectomy 
was performed on February 11, 1930, in the hope that the relaxation thus af- 
forded would be sufficient to permit closure of the cavity. The mean pressure 
at the beginning of the operation was minus 1 cm. of water. The final mean 
pressure was plus 2.5 cm. of water, a rise in pressure equivalent to 3.5 cm. of 
water having occurred. Roentgenographic examination one week later showed 
a rise of 2.5 cm. in the level of the diaphragm, which on roentgenoscopic exami- 
nation was seen to be motionless. 


Case 2: Mr. W. H., age 36, was admitted September 14, 1929, complaining of 
severe recurrent haemoptyses. In 1919 he had been rejected from military 
service because of pulmonary tuberculosis. The diagnosis of far-advanced 
tuberculosis of the entire right lung, with cavitation of the upper lobe and 
minimal tuberculosis of the left apex, was made. Artificial pneumothorax 
was started on the right side on September 16, 1929. An incomplete collapse 
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was obtained, due to adhesions of the lung to the upper portion of the chest-wall 
and to the diaphragm. A mediastinal hernia was disclosed on roentgenoscopic 
examination on December 22, 1929. To supplement the pneumothorax, 
phrenicectomy was performed on March 5, 1930. The initial mean pressure 
was minus 3 cm. of water and the final mean pressure was minus 0.5 cm. of 
water, the increase in pressure being equivalent to 2.5 cm. of water. Roent- 
genographic examination one week following the operation showed a rise of 4 
cm. of the level of the diaphragm. 


Case 3: Mr. D. B., age 26, was admitted January 4, 1930, with the complaint 
of recurrent attacks of pleurisy of four years’ duration, and loss of weight, 
cough and expectoration of five months’ duration. The diagnosis of far- 
advanced pulmonary tuberculosis, with extensive consolidation of the left 
lung with cavitation and moderate infiltration of the right lung, was made. 
Artificial pneumothorax was begun on the left on January 14, 1930, and, al- 
though a large pneumothorax space was obtained, several firm band adhesions 
prevented the collapse of a cavity in the upper lobe. The left lower lobe was 
partially adherent to the diaphragm. A small pleural effusion was first noted 
on May 10,1930. The accumulation of fluid was slow, however, and aspiration 
was not necessary during a period of three months preceding and two months 
following phrenicectomy. In the preoperative films, the amount of fluid was 
barely sufficient to obscure the level of the diaphragm. A displacement of the 
heart and mediastinum to the opposite side had occurred, the right border of 
the heart being 7 cm. lateral to the right sternal margin. Left phrenicectomy 
was performed on September 20, 1930. During the procedure the intrapleural 
pressure increased from an initial mean pressure of minus 3 cm. of water to a 
final mean pressure of zero. Roentgenoscopic examination four days later 
revealed a paradoxical movement of the diaphragm and, on roentgenographic 
examination two weeks following the operation, the fluid level was found to 
have risen 4.5 cm. 


Case 4: Mr. N. S., age 44, was admitted June 23, 1930, complaining of cough 
and blood-streaked sputum of two months’ duration. A diagnosis of far-ad- 
vanced tuberculosis of the right lung, with cavitation in the upper and lower 
lobes, was made. Artificial pneumothorax was instituted on July 2, 1930, 
and a large pneumothorax space was obtained. The upper portion of the lung 
was adherent to the chest-wall, but no adhesions were present between the base 
of the lung and the diaphragm. Roentgenoscopic examination on August 6, 
1930, showed a small amount of fluid in the right costophrenic space, but the 
effusion was not sufficient to obscure the level of the diaphragm. Two large 
cavities persisted in the collapsed lung, and on September 25, 1930, phrenicec- 
tomy was performed as a preliminary measure to a subsequent thoracoplasty. 
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The initial mean pressure was minus 0.5 cm. of water. Following exposure of 
the phrenic nerve and previous to any stimulation of it, the mean pressure had 
dropped to minus 1.5 cm. of water. The final mean pressure was identical 
with the initial mean pressure of minus 0.5 cm. of water. Roentgenographic 
examination two days after operation showed a rise of 5 cm. of the level 
of the diaphragm and on roentgenoscopic examination it was seen to be 
motionless. 


Case 5: Mr. C.S., age 24, was admitted July 3, 1930, with a history of cough 
of six months’ duration and hoarseness, night-sweats and blood-streaked sputum 
of one month’s duration. The diagnosis of far-advanced pulmonary tuber- 
culosis, with consolidation of the right upper lobe, infiltration of the remaining 
portion of the right lung and infiltration of the left upper lobe, was made. 
Artificial pneumothorax was started on the right side on July 11, 1930. A 
pendulum swing of the mediastinum with respiration was noted on roent- 
genoscopic examination. The pneumothorax pressure could not be increased 
to the optimum pressure, because of dyspnoea caused by displacement of the 
mediastinum to the opposite side. Although a moderate-sized pneumothorax 
had been established, the consolidation in the upper lobe prevented a collapse 
of this portion of thelung. The base of the lung was adherent to the diaphragm 
and the infiltrated lower and middle lobes were only partially collapsed. On 
October 8, 1930, phrenicectomy was done to supplement the pneumothorax. 
The initial mean pressure was minus 1 cm. of water and the final mean pressure 
plus 0.5 cm. of water, a rise in pressure of 1.5 cm. of water having been induced 
by the operation. One week later the level of the diaphragm had risen 3.5 
cm., and the diaphragm moved paradoxically with respiration. 


Case 6: Mrs. T. McK., age 21, was admitted April 2, 1929, complaining of 
cough and expectoration of two months’ duration. The diagnosis on admis- 
sion was far-advanced pulmonary tuberculosis, with cavitation of the left 
upper lobe and infiltration of the right lung above the second rib. Artificial 
pneumothorax on the left was begun on April 5, 1929, and although a large 
pneumothorax was obtained, the presence of three adhesions prevented a com- 
plete collapse of the cavity in the left upper lobe. The base of the lung was 
adherent to the medial third of the diaphragm. Phrenicectomy was performed 
on December 17, 1930. The initial mean pressure, recorded during anaes- 
thetization of the skin, was plus 2 cm. of water. During the incision of the 
skin the pressure fell to plus 0.5 cm. of water and, on exposing the phrenic 
nerve, a mean pressure of zero was observed. Injection of novocaine (1 per- 
cent) into the nerve produced a slight fall in pressure; clamping of the nerve 
caused an abrupt rise in pressure from a mean pressure of zero to a mean pres- 
sure of plus 2.5 cm. of water. (Figure 1:) On section of the phrenic nerve 
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Fic. 1. Case 6. PortTIONS OF A CONTINUOUS KYMOGRAPHIC RECORD OF THE INTRAPLEURAL PRESSURE DURING PHRENICECTOMY 
A: The intrapleural pressure immediately preceding and following interruption of the phrenic nerve. Injection of novocaine (1 per cent) 
into the nerve caused no increase in pressure, as sufficient time was not allowed to obtain an anaesthetic block. An abrupt rise of the in- 


trapleural pressure followed clamping of the nerve; section of the nerve resulted in no further increase in pressure. 
B: The intrapleural pressure at the conclusion of the operation. 
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no further increase in pressure was noted, but during evulsion of the nerve the 
mean pressure was plus 6 cm. of water. The final mean pressure at the con- 
clusion of the operation was plus 4 cm. of water, and, in order to lower the 
intrapleural pressure to a mean pressure of plus 1/2 cm. of water, it was neces- 
sary to withdraw 150 cc. of air. Roentgenographic examination four weeks 
after operation showed a 5.7-cm. rise of the diaphragm, which on roentgeno- 
scopic examination was seen to be motionless. 


Case 7: Mrs. H. H., age 41, was admitted September 9, 1929, complaining of 
weakness, loss of weight and cough for the past year. A diagnosis of far- 
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Fic. 2. CASE 7. PORTIONS OF A CONTINUOUS KYMOGRAPHIC RECORD OF THE INTRAPLEURAI 
PRESSURE DURING PHRENICECTOMY 
A: An abrupt rise of the intrapleural pressure followed division of the phrenic nerve. 
B: The intrapleural pressure at the conclusion of the operation. & 


advanced pulmonary tuberculosis, with extensive cavitation of the left upper 
lobe and slight infiltration of the right upper lobe, was made. Artificial! 
pneumothorax was started on the left side on September 16, 1929. Extensive 
broad adhesions prevented collapse of the upper lobe and, in an effort to bring 
about closure of the cavities in the left upper lobe, the pneumothorax pressure 
was increased to a degree much greater than usual. The heart and mediastinum 
were gradually displaced to the right, until the heart lay entirely within the 
right hemithorax. A marked mediastinal hernia was present, with pressures 
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above plus 2 cm. of water. The base of the lung was not adherent to the dia- 
phragm. Prenicectomy was done on December 18, 1930, as a preliminary 
measure to thoracoplasty. The initial mean pressure was plus 3 cm. of water. 
An abrupt rise of the mean pressure to plus 5 cm. of water followed clamping 
and division of the phrenic nerve. (Figure 2.) The final mean pressure was 
plus 6 cm. of water. Roentgenographic examination twelve days after opera- 
tion showed .a 5.4-cm. rise of the diaphragm, which on quiet respiration was 
motionless. A paradoxical movement of the diaphragm was noted on deep 
respiration. 


COMMENT 


Since one of the usual effects of phrenicectomy is the reduction in the 
volume of the hemithorax through a rise of the level of the paralyzed 
diaphragm, it seemed of importance to determine whether, in cases of 
pneumothorax subjected to phrenicectomy, the operation of itself would 
bring about a change in the intrapleural pressure. It is known that, if 
a volume of gas is compressed, the pressure exerted by this gas on the 
container is increased. Accordingly then, in cases of pneumothorax a 
rise of the diaphragm, by reducing the volume of the air within the intra- 
pleural space, should thereby raise the intrapleural pressure. In man, 
however, one is dealing with flexible structures, and it remained to be 
seen how the results might be influenced by such contributory factors as 
the mobility of the mediastinum, previous displacement of the media- 
stinum, herniation of the mediastinum, a portion of collapsible lung, the 
presence of fluid, or by failure of the diaphragm to rise. Furthermore, 
in experimental animals (dogs) without pneumothorax, no change in 
the intrapleural tension following phrenicectomy was reported by 
Lemon (1). 

Except for the single observation reported by Head (2), who deter- 
mined the intrapleural readings immediately preceding and following 
phrenicectomy in a patient with artificial pneumothorax, no data are to 
be found in the available literature regarding the effect of phrenicectomy 
on the intrapleural pressure in human beings. In the case described 
by Head the inspiratory pressure was increased by 3 cm. of water and 
the expiratory pressure by 2 cm. of water. The range of pressure change 
had decreased by 1 cm. of water. 

An increase in the intrapleural pressure following division and evul- 
sion of the phrenic nerve occurred in six of the seven cases here reported 
(figure 3), the exception being in one patient in whom a pleural effusion 
was present. The rise in the mean pressure varied from 1.5 cm. to 3.5 
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cm. of water, the average for the seven cases being 2.4 cm. of water. 
The smallest rise in the mean pressure, 1.5 cm. of water, was observed 
in a patient (case 5) with a freely movable mediastinum, which on roent- 
genoscopic examination showed a pendulum motion with each respira- 
tion; while the largest rise in pressure, 3.5 cm. of water, likewise occurred 
in a patient (case 1) with a freely movable mediastinum but of lesser 
degree. Herniation of the mediastinum was noted before operation in 
two patients (case 2, case 7). The rise in the intrapleural pressure 
in these two instances was 2.5 and 3 cm. of water, respectively. 
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Fic. 3. Periodic observations of the mean intrapleural pressure during phrenicectomy in 
7 patients with pulmonary tuberculosis and artificial pneumothorax. An increase in the 
intrapleural pressure followed division of the phrenic nerve; a further temporary rise in pres- 
sure occurred during evulsion of the nerve. 


Displacement of the heart and mediastinum by the artificial pneumo- 
thorax was a prominent feature in two patients. In case 7 roentgeno- 
graphic examination previous to operation showed the heart to lie entirely 
within the opposite (right) hemithorax. In this patient a sudden rise 
in pressure, equivalent to 2 cm. of water, followed division of the phrenic 
nerve (figure 2), and the final mean pressure was 3 cm. greater than the 
initial mean pressure. In case 3 the right border of the heart had been 
displaced 7 cm. lateral to the right sternal margin. Following section 
of the phrenic nerve in this instance the pressure was similarly increased 
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by 2 cm. of water and the final mean pressure was 3 cm. greater than the 
initial mean pressure. 

Partial collapse of the lower and middle lobes by the artificial pneumo- 
thorax was present before operation in case 5. The subsequent rise of 
the diaphragm after phrenicectomy resulted in a marked reduction in 
volume of these collapsible lobes, whereas it exerted no appreciable change 
in the size of the consolidated upper lobe. The increase in the mean 
pressure following division of the phrenic nerve was equivalent to 
1.5 cm. of water. It would seem from these observations that previous 
displacement of the mediastinum, a freely movable mediastinum, a medias- 
tinal hernia, or a portion of collapsible lung do not prevent a rise of the 
pneumothorax pressure during phrenicectomy. 

Failure to find an increase in the final mean pressure occurred in one 
of two patients in whom a pleural effusion had complicated the pneumo- 
thorax. The fluid level in both instances extended to about the level 
of the dome of the diaphragm when the patient was in the erect position. 
In case 4, in which no increase in pressure was encountered, the final 
mean pressure was identical with the initial mean pressure, but, during 
evulsion of the nerve, a temporary rise in pressure of 2.5 cm. of water 
occurred. The intrapleural pressure in the other patient with pleural 
effusion (case 3) was increased by 3 cm. of water despite the fact that the 
heart and mediastinum had been markedly displaced to the opposite 
side. From this it would appear that a rise in the intrapleural pressure 
following phrenic-nerve evulsion may occur in the presence of a pleural 
effusion. 

High intrapleural pressures were observed at times during the opera- 
tive procedure, especially when evulsion of the nerve was attended by 
considerable pain. In the apprehensive type of patient, smaller tempo- 
rary rises in pressure were caused by stimuli of lesser intensity, such as 
infiltration of the skin with novocaine. It seemed that these rises in 
pressure were due to the transmitted abdominal pressure, increased by 
contraction of the abdominal musculature with simultaneous closure of 
the glottis. 

The amplitude of the manometer oscillation exhibited no constant 
variation following evulsion of the phrenic nerve. In three cases no 
change occurred, and in the remaining four cases a decrease in the range 
of the oscillations varying from 0.5 to 2 cm. of water was obtained. In 
no instance was an increase in their amplitude noted. 
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SUMMARY 


Observations of the intrapleural pressure changes occurring during 
phrenicectomy are reported in 7 patients with pulmonary tuberculosis 
and artificial pneumothorax. 

An increase in the mean intrapleural pressure followed interruption of 
the phrenic nerve in six of the seven cases studied. The average increase 
in the mean pressure was 2.4 cm. of water. No change in the mean 
pressure occurred in one patient with pneumothorax complicated by 
pleural effusion. 

Contributory factors, such as a previous displacement of the medi- 
astinum, a freely movable mediastinum, herniation of the mediastinum, 
and a portion of collapsible lung, did not prevent the increase in the intra- 
pleural pressure. Pleural effusion, on the other hand, may possibly be 
a factor in preventing the rise in the intrapleural pressure during phrenic- 
ectomy. 
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SPONTANEOUS PNEUMOTHORAX ON THE LEFT SIDE 
WITH SIMULTANEOUS PNEUMONIA ON THE RIGHT! 


EDWARD TOLSTOI anp DOREEN R. CORKE 


From a study of recorded cases of spontaneous pneumothorax, it is 
obvious that the condition is not uncommon. It is usually benign and 
the air disappears from the chest cavity in about six to eight weeks. In 
some cases careful questioning has shown that a slight strain was the 
causative factor. In other cases, some exciting cause, such as laughing, 
sneezing or coughing, has been elicited by the history. When this con- 
dition occurs it may give rise to sudden and severe dyspnoea and pain, 
or it may develop without any symptoms. 

The case we observed presented very slight symptoms of air in the 
chest, or their presence may have been masked by a pneumonia that 
occurred practically simultaneously on the opposite side. Since a 
thorough search of the literature failed to disclose a similar case, we are 
reporting ours. The patient, whose case history we are presenting, had 
a spontaneous pneumothorax on the left side and at the same time pneu- 
monia on the right. He recovered from both conditions without any 
complications or sequelae. 


On March 23, 1931, a young man of 30 walked into the outpatient department 
of the Beekman Street Hospital, complaining of pain in the right chest and 
shortness of breath. He stated that five days previously he felt a sudden sharp 
pain in the lower /eft chest. This pain came on while he was walking in his 
home, slowly and leisurely. Shortness of breath accompanied the pain. Later 
in the day he experienced pain in the right chest as well. This pain was in front 
of the chest and, while it was difficult to obtain accurate descriptions of these 
respective pains, the patient appeared more concerned about the pain on the 
right which was preéminent in his own mind. With the onset of his pains he 
developed a productive cough. This was bothersome, and the sputum, though 
scanty, was blood-tinged. He felt warm and was chilly. There were no 
contributory facts in either his past or family history. He was carefully 
questioned regarding symptoms of tuberculosis or exposure to this disease, but 
no positive data could be obtained. 


1 From the Medical Service of the Beekman Street Hospital, New York City. 
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The physical examination revealed a well-developed and nourished young 
man who appeared ill. Only occasional cough was present. The sputum 
was rusty. The ears and finger tips were cyanotic, but the face was flushed. 
Dyspnoea and orthopnoea were present and the respiratory rate was forty. 
The temperature on admission was 105°F. and the pulse-rate 136, regular and 
of good quality. The throat was diffusely red, but with no exudate. The 
chest presented the interesting positive findings. Nothing abnormal was 
noted on inspection. Both sides had respiratory excursions of nearly equal 
amplitudes. Dulness occurred on the right side of the chest, in front, between 
the second and fifth intercostal spaces. In back, there was relative dulness 
over the entire right side. The left side of the chest, at the base posteriorly, 
gave a tympanitic note. Anteriorly, the percussion note was clear and tvm- 


Fic. 1. On ADMISSION 


Complete pneumothorax on left and pneumonia on right 


pany was obtained in the left axilla as well as the precordium. On the right 
side in front there was a suppression of breath- and voice-sounds, but over the 
rest of the right chest the breath- and voice-sounds came through better than 
over the left chest. The heart borders could not be made out on the left side. 
The sounds were barely heard at the precordial area. On the right the heart 
sounds were clearly heard. They were regular, rhythmical and rapid, and 
there were no murmurs. The patient did not appear as ill as one would expect 
from the temperature or physical findings. He moved about with ease, helped 
himself to water, and was codperative. For some 24 to 36 hours he did not 
appear mentally clear. 

On admission to the hospital the usual diagnostic routine measures were 
instituted. The sputum was typed. Roéntgenograms were taken. A blood- 
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‘ulture, count, blood-Wassermann and urinalysis were done. Laboratory 
studies: The roentgenogram showed “‘a practically complete pneumothorax 


Fic. 2. THE LOWER LOBE OF THE LEFT LUNG EXPANDING AND THE PNEUMONIA RESOLVING 


Arrow points to expanding lung 


Fic. 3. On DISCHARGE 


Both lungs are perfectly clear. The pneumonia has completely resolved and the collapsed 
lung fully expanded. 


on the left side while on the right side the region of the middle lobe shows dense 
infiltration.”” The sputum revealed pneumococcus type I (mouse method). 
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No tubercle bacilli were found in the sputum on four examinations. The 
blood cultures were sterile and the Wassermann was negative. There was a 
leucocytosis, 12,000 to 21,000, in four determinations. The differential count 
showed a slight polynucleosis. The haemoglobin and red cells were within 
normal limits. The urine had a specific gravity of 1.020—-1.022 and albumin 
only on two occasions. On discharge the urine presented no abnormalities. 

Treatment and Course: As soon as the sputum was typed and found to be 
positive for type-I pneumococcus, we decided to administer antipneumococcus 
serum. (This material is prepared by the City Board of Health and contains 
1,000 units per cc.) The patient was accordingly tested to serum sensitivity 
and, as he did not react positively, 85,000 units of the immune serum wer 
given over a period of 24 hours. At first 10 cc. were given intravenously, and 
then 25 cc. at four-hour intervals until the temperature fell to 99°F. From this 
point on the patient continued to improve. Serial roentgenograms showed a 
gradual expansion of the collapsed lung. The pneumonia also showed signs 
of clearing by both clinical examination and X-ray. The temperature oscillated 
between 98.6° and 100.8°, on one occasion rising to 101°. This rise, we believe, 
was caused by an injection of tuberculin, 0.1 mgm., under the skin. There 
was a marked local reaction as well as the elevation in temperature. These 
reactions subsided in 24 hours, and the patient continued to improve until 
discharge. At that time the roentgenologist reported, ‘““The left lung is now 
very nearly completely expanded.” (The photographs of the X-ray plates are 
self-explanatory.) 


DISCUSSION 


The points of interest in this case are the aetiology of the pneumothorax 
and the unusual coexistence of two distinct pulmonary conditions. There 
has been, and still is, a tendency of writers to ascribe cases of spontaneous 
pneumothorax to unsuspected cases of pulmonary tuberculosis. This 
belief has been based on data furnished by former observers such as 
Biach (1), Drasche (2) and others. According to studies of these men, 
about 80 to 90 per cent of cases of spontaneous pneumothorax are due 
to tuberculosis. Weber (3), writing more recently, states that sponta- 
neous pneumothorax may be due to changes associated with localized 
quiescent or healed tuberculosis. Meyer (4), in a discussion of LeWald’s 
paper, expressed the view that perhaps 100 per cent of spontaneous 
pneumothoraces are due to tuberculosis, and Miller, in discussing the 
same paper, stated that it was difficult to prove that such cases are not 
tuberculous. Although considerable evidence has been brought forward 
to show that most cases of spontaneous pneumothorax are due to either 
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an active or healed tuberculous lesion, there are some cases in the litera- 

ture in which the coexistence of such a lesion has not been possible of 

diagnosis. Fussell and Riesman (5) presented two such cases from their 
own experience, as well as some 50 cases from the literature. They 
concluded from their study that the rupture may occur in a healthy 
lung through emphysematous blebs, which are-not uncommon along 
the anterior margins or apices of the lung and which cannot be found 
clinically. They show that the individuals were in good health before 
the pneumothorax and recovered from the condition to remain in ex- 
cellent health. Terry (6) likewise reported a case in which no pulmonary 

lesions were demonstrable either clinically or by X-ray. The patient is 
still alive and well some 15 years after the pneumothorax (7). LeWald 
(4) observed 10 cases of this condition, and in not a single case did he 
find evidence of tuberculosis roentgenologically. 

From the above data it is apparent that although the greatest number 
of cases of spontaneous pneumothorax occur in tuberculous individuals, 
there are some that cannot be explained on that basis. Our patient gave 
no history of the disease; he had no symptoms of it and, even after the 
collapsed lung fully expanded, no roentgen evidence of a tuberculous 
lesion could be found. The fact that the patient reacted markedly to 
a 0.1 mgm. tuberculin intracutaneously may raise the question of a healed 
or active lesion, but, as Fishberg (8) states, it never establishes a doubtful 
diagnosis. As a confirmatory sign it is of value, but in itself a positive 
reaction must be interpreted with great caution, as 40 to 60 per cent of 
adults react positively to the subcutaneous injection of tuberculin, pro- 
vided it is repeated with increasing doses (8). We therefore feel that in 
our case the absence of positive clinical, laboratory and roentgen data is 
of greater weight than a single positive finding, which is not wholly ac- 
cepted as final when doubtful cases exist. 

It is, therefore, our belief, based upon data given above, that we were 
dealing with a nontuberculous spontaneous pneumothorax on one side 
of the chest and a type-I pneumococcus pneumonia on the other. In 

spite of the extent of lung tissue involved by both conditions, the patient 
suffered little discomfort. There was only moderate dyspnoea and cya- 
nosis of only some 48 hours’ duration. The pneumonia cleared rapidly 
and the collapsed lung continued to expand until it reached a normal 
state, thus effecting a complete recovery from the right-sided pneumonia 
and the complete left-sided pneumothorax. 
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A STUDY OF TUBERCULOUS INFECTION BY WAY OF 
THE FEMALE GENITAL TRACT! 


EDWIN M. JAMESON 


Present-day gynaecologists and pathologists agree, for the most part, 
that ascending genital tuberculosis in the female is an exceedingly un- 
common occurrence, if, indeed, it can be said to occur at all. The re- 
ported clinical case is always open to the suspicion that a primary 
tuberculous lesion existed elsewhere in the body and that the observer’s 
diagnostic acuity was at fault in failing to locate it. 

Among experimental gynaecologists, on the other hand, the question 
has not been dismissed so lightly, as is evidenced by the immense amount 
of work that has been done in studying the question and the vast litera- 
ture that has accumulated around it. It is beyond the purpose of this 
paper to attempt a review of the work that has been done and the 
reader is referred to Norris’s exhaustive monograph (1) on Gynecological 
and Obstetrical Tuberculosis and to the more recent experiments of Bakacs 
(4) and Granzow for such a review and a valuable bibliography. Suffice it 
to point out that whether the experimental animals under consideration 
were inoculated by the injection of virulent tubercle bacilli into'an un- 
injured vagina, into a vagina already the seat of a preéxisting inflamma- 
tion brought about by the application of chemical or bacterial irritants 
as Norris has done, or into the uterus or the segments of its ligated horns 
as carried out by Loeb (3), the emphasis has been placed upon the pres- 
ence or absence of macroscopic and microscopic lesions of tuberculosis. 
Moreover the criticism may be ventured that in none of these experi- 
ments are conditions found that are comparable to human infections, in- 
asmuch as the injection into the vagina of a culture of tubercle bacilli 
does not preclude an intrauterine inoculation and the conditions set forth 
in Loeb’s experiments would hardly be reproduced in the human being. 
' Our interest in the subject was aroused by the question of whether or 
not the time in the oestral cycle at which the inoculation was made might 
not have some bearing on the number of “takes.” It would seem that 
the genital congestion, increased lymph-flow, and the greater capillary 


1 From the Trudeau Foundation and the Saranac Laboratory for the Study of Tuberculosis. 
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permeability of the oestrum would predispose the animal to invasion of 
tubercle bacilli placed in contact with the vaginal mucous membrane, a 
factor, so far as we have been able to determine, that has not been taken 
into consideration by previous experimenters. 

Accordingly a series of healthy virginal guinea pigs was selected and 
vaginal smears made daily over a period of time according to the tech- 
nique of Stockard and Papanicolaou (2). From this preliminary work 
it appeared that the transitions from polymorphonuclear cells to the 
flat non-nucleated epithelial cells of oestrum were not as clear-cut in our 
animals as we had hoped to find, but were, nevertheless, sufficiently well 
defined and of such a cyclic nature that we felt justified in stating whether 
or not the animal was in heat. This cycle occupied, on the average, 
about fifteen days. 

Twelve such healthy virginal guinea pigs were then selected, and 
vaginal smears made to determine whether or not they were in heat. A 
suspension of 0.25 cc. of the R1 strain of tubercle bacillus, containing 
approximately 150 organisms per high-power field, was soaked up in a 
small tampon of absorbent cotton and introduced into the vagina of each 
guinea pig through a small nasal speculum. The labia were then held 
together with a Michel clip, so applied that it did not break the skin, 
and thus holding the tampon in place without interfering with the drain- 
age of the normal vaginal secretions. These clips were allowed to remain 
in place for a period of 4 to 8 days, when they were removed. 

The R1 strain of tubercle bacillus was selected for this work because it 
is an attenuated culture, which tends to produce localized nonprogressive 
lesions in the unsensitized guinea pig and seems most suitable for experi- 
mental work in which one wishes to determine the localization and extent 
of lesions after a given type of inoculation. It was isolated by Dr. E. L. 
Trudeau in the early years of his work in Saranac Lake and has been 
carried on since that time. Whether it is a bovine or human bacillus is 
not known. 

After an arbitrary interval, averaging 87 days, the animals were tested 

‘with an intracutaneous injection of 0.1-0.2 cc. of a 2 per cent solution of 
Old Tuberculin prepared at the Saranac Laboratory. Readings were 
made in 24 and 48 hours. 

At the end of 100 days the animals were killed and a careful autopsy 
made. The vagina, uterus, tubes, and ovaries were removed en bloc 
and longitudinal sections made through the entire tract. Smears were 
made from all enlarged lymph nodes and the vaginal secretions, and 
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stained for acid-fast organisms. 
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TABLE 1 


In addition, any suspicious-looking 
lymph nodes and organs were sectioned for microscopic study. A total 
of 420 sections were examined. 
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DOSE 


VAGINAL SMEAR 


0.T. TEST 


Hours 


Day 


AUTOPSY 


11 


12 
13 


0.25 cc. Ri tubercle bacilli, 150 per high-power field 


Interval 


Oestrum 
Preoestrum 


Oestrum + 


Interval 


Interval 
Oestrum 


Interval 


Oestrum 


Oestrum 


Oestrum + 
Oestrum 


w+ 
++ 


48 


o+ 


+ + ++ 41 


89 


86 


91 
86 


89 
86 


86 


89 


89 


89 
86 


Macroscopic tubercles and organisms 
in sacral and inguinal nodes. No 
tubercles on sections of tissue. Vag- 
inal smears contain acid-fast bacilli 

No evidence of tuberculosis 

Died on the 22nd day of injury. Vaginal 
secretions contain acid-fast bacilli. 
No evidence of tuberculosis 

No evidence of tuberculosis 

Tubercles present in lymph nodes. No 
organisms found on smears 

No evidence of tuberculosis 

Tubercles present in lymph nodes and 
smears positive for acid-fast rods 

Tubercles in all lymph nodes studied. 
Tubercles and giant cells in wall of cervix 

Acid-fast bacilli in vaginal secretion. 
Liver studded with miliary yellow spots, 
also seen on certain areas of the in- 
testine. Smears and sections negative 
for tuberculosis 

Inguinal nodes caseous, and organisms 
and tubercles present. Reinoculation 
produced tuberculosis in secondary 
animals 

No evidence of tuberculosis 

Tubercles present in inguinal nodes; 

smears negative fer acid-fast organisms. 

Small verrucose nodule present in 

vagina, about 0.5 cm. from outlet 


Note: + indicates a vaginal smear in which it was impossible to determine whether the 


oestrum was just beginning or had just finished, as flat non-nucleated epithelial cells pre- 


dominated but the nucleated forms were also present.’ 


The results are shown graphically in table 1. It will be noted that 


ten of the 11 animals showed a definitely positive infection, as shown by 
the tuberculin test but that tuberculous lesions were discovered in only 


five. 


One of these animals showed tubercles in the cervix in addition 
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to the lymph-node involvement common to the others. The lymph 
nodes most commonly involved were the iliac chain, as was to be ex- 
pected, and secondarily the sacral nodes. In no case were lesions found 
in the paratracheal, bronchial, hepatic or mesenteric nodes. 

Animal 1 gave a positive tuberculin test and the inguinal nodes con- 
tained macroscopic tubercles. Smears from the inguinal and sacral 
lymph nodes were positive for acid-fast bacilli, but no tubercles were 
found in the sections examined. This demonstrates the fallacy of entire 
reliance on the microscopic sections in such a study as this. 

Three of the animals in this series showed acid-fast rods in the vaginal 
secretions, when smears were made at autopsy. Reinoculations were 
not made from these secretions, but in none of the other animals, nor 
in a number of healthy guinea pigs from which vaginal smears were 
made, were acid-fast rods demonstrated. 

While no tubercles were found in the uterus or oviducts, the endome- 
trium in virtually all the animals showed a resting condition of the glands 
with considerable round-cell infiltration of the stroma and congestion 
of the blood-vessels. Norris has noted a thickening and congestion of 
the endometrial layer of the uterus in his cases and it is possible that this 
may be a manifestation of tuberculosis although tubercles were not 
demonstrable. 

Following the suggestion of Granzow (5), the ovaries were examined 
and his findings of evidence of lack of ovulation, degeneration of the 
ovarian stroma, and periodphoritis confirmed in a large proportion of 
our cases. This appears to be a toxic manifestation of tuberculosis, as 
we have repeatedly demonstrated the same picture in the ovaries of 
women dead of pulmonary tuberculosis who had no evidence of genital 


involvement. 
COMMENT 


It would appear from these experiments, in spite of the small series of 
animals used, that tuberculous infection by way of the healthy female 
genital tract is not difficult to effect, even though tuberculous lesions of 
the genitalia can seldom be demonstrated. In this experiment the R1 
strain of tubercle bacillus, which tends to produce lymphatic disease in 
unsensitized guinea pigs and only exceptionally lesions in the various 
organs, was used to infect a series of unsensitized young female guinea 
pigs. Whether the results will be modified when sensitized animals are 
used or when the H37 strain, a human type of moderate virulence, is 
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employed is to be determined by work now in progress. From the results 
obtained thus far we feel that the idea heretofore held about ascending 
genital infection in the female must be modified to fit the facts; that is, 
that true tuberculous infection of the animal is the rule rather than the 
exception, even though lesions cannot be found in most cases. 


SUMMARY 


1. Small cotton pledgets containing a known amount of a suspension 
of Ri tubercle bacilli were inserted into the vaginas of 11 healthy vir- 
ginal guinea pigs and allowed to remain for 4 to 8 days. 

2. Ten of the animals thus treated showed a positive intracutaneous 
tuberculin reaction at the end of 87 days. 

3. Tuberculous lesions were demonstrated in the lymph nodes of 6 
animals when autopsied at the end of 100 days and one of them showed 
tubercles in the genital organs. 

4. There was no difference in the number of “takes” secured in animals 
inoculated during the oestrum or during the resting stage. 

5. Many of the animals showed changes in the endometrium and 
ovaries which may be attributed to the tuberculous infection. 

6. Ascending tuberculous infection by way of the female genital tract 
was produced in 11 of 12 animals inoculated per vaginam although tuber- 
culous lesions were found in only 50 per cent of these. 
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A COMPARATIVE STUDY OF THE PIRQUET AND MAN- 
TOUX TUBERCULIN TESTS IN SCHOOL CHILDREN! ° 


S. A. SLATER anp KATHLEEN JORDAN 


In the past six or eight years much work has been done in the testing 
of children to determine the incidence of tuberculous infection. Previous 
to 1924 the Pirquet had been generally used and considered a practical 
and satisfactory test. That year one of us (Slater) (1) read a paper at the 
meeting of the National Tuberculosis Association in Atlanta, giving the 
results of the Pirquet test in 1,654 school children in a wealthy rural com- 
munity in which the percentage of reactors was extremely low, compared 
with previous reports. Since then many have considered the Pirquet 
test unreliable, and have resorted to the more sensitive intracutaneous 
test (Mantoux). Some have gone as far as to say that the Pirquet must 
be discarded as inaccurate, or the Mantoux is the only accurate method 
of determining the incidence of tuberculosis infection. Our study does 
not warrant such statements. 

Regardless of the test used, it has been rather definitely shown by such 
men as Chadwick (2), Myers (3), McCain (4), Mattill and Fenger (5), and 
others that the incidence of infection is not as universal as has been 
generally thought. With the percentage of reactors being as small as it 
generally is, it would not be an insurmountable task to make a study of 
the home contact for the purpose of discovering the source of infection, 
and, as a result, many adults would be discovered with tuberculosis in 
the early stages. It seems that this may not only become a valuable aid 
in determining those infected, but also a great help in discovering the 
source of infection, which is frequently a close associate who has not been 
suspected. 

It is not our intention to defend the merits of either test, but rather to 
make a comparative study of the two tests under similar conditions; to 
determine, if possible, which will be the more practical in the fight against 
tuberculosis rather than which gives the highest percentage of reactors. 
I believe all are willing to concede that the Mantoux is the more sensitive 

1 Read before the Clinical Section at the 27th Annual Meeting of the National Tuberculosis 
Association, Syracuse, New York, May 14, 1931. 
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test, even though our work did not reveal the existence of such a big 
difference as most writers would have one believe (Mantoux 10.4 per 
cent, Pirquet 9.15 per cent). 

The conditions under which this comparative study of the two tests 
was made were practically the same as those of the study of the Pirquet 
test reported in 1924. The work was conducted in a wealthy rural com- 
munity where living conditions are good, the people intelligent and very 
codperative, and the death-rate from tuberculosis has been less than 25 
per 100,000 during the last five years. The test was taken to the schools 
because this was considered the best way to obtain a fair knowledge of 
existing conditions. Schools were selected so as to give the best represen- 
tation possible of the district. A school from one of the largest towns 
was selected, and schools from the smaller towns and a few strictly rural 
schools were tested. The majority of pupils in every school tested took 
the test, and all who reacted were X-rayed and the plates interpreted by 
Dr. Leo G. Rigler, chief of the X-Ray department of the University of 
Minnesota. A card was used to obtain the history of the pupil and con- 
sent of parent or guardian. Every child reacting received a physical 
examination of the chest, but the findings revealed so little of importance 
that it is not recorded and was considered of practically no value. The 
history likewise was considered of very little value, for some denied 
tuberculosis when it existed in the family, and others reported possible 
tuberculosis when it had not been present. Only personal acquaintance 
with the family gave information of value. Both tests were given at the 
same time, one on each forearm. The Pirquet was done by placing a 
drop of undiluted Old Tuberculin on the forearm, which had been cleansed 
with alcohol, and then with a scarifier a slight abrasion was made and it 
was allowed to dry. This test should always have a control as a help in 
interpreting the reactors, even though one has had considerable experi- 
ence. The Mantoux test was made by introducing 0.1 cc. of 1—1,000 
dilution or 0.1 mgm. Old Tuberculin intracutaneously, and the results of 
the two tests were read 48 hours later. We realize that some reactions 
were missed when making one reading, but it was considered best for 
practical purposes. 

One thousand and six white children were tested in this manner (see 
table 1). Of this number, 134, or 13.3 per cent, reacted to one or both 
tests. Forty-two, or 4.2 per cent, reacted to the Mantoux test but not 
to the Pirquet. Sixty-three, or 6.3 per cent, reacted to both tests. 
Twenty-nine, or 2.88 per cent, reacted to the Pirquet but not to the 
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Mantoux. One hundred and five, or 10.4 per cent, reacted to the Man- 
toux, and ninety-two, or 9.15 per cent, reacted to the Pirquet. 

The biggest and most interesting difference was shown in connection 
with the ages of those reacting to the two tests. The average age of those 
reacting to the Mantoux alone was 14 years, while the average age of all 
those reacting (to the Mantoux?) was 13.1 years. With the Pirquet test, 
the average age of those reacting to this test alone was 10.6 years, while 
the average of all reacting (to the Pirquet?) was twelve years. 


TABLE 1 


PERCENTAGE 
POSITIVE 
TOTAL PER CENT 


I POSITIVE 
PIRQUET — Of 


Pirquet 
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UWBWOWN 


CHOCO 


Per cent... 


Average 


The reason those reacting to the Mantoux were older may have been 
due to the fact that this test, being more sensitive, gives a reaction when 
the pupil is older and has had a better opportunity for casual contact 
outside the home or has only a slight infection. Or, the child may have 
overcome an old infection to the extent that it does not react to the less 
sensitive test, while those who reacted to the Pirquet possibly had become 
infected in the home or had recently been infected. Another explanation 
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might be that the skin of younger children is tender and more likely to 
react to the Pirquet test than is the thicker skin of the older child who 
reacts more readily to the Mantoux. If the former is true, the Pirquet 
would be the more practical as an aid in finding the source of infection. 
The value of this is readily seen, for we realizethan if theinfecting person 
can be removed the child has a much better chance than would otherwise 
be possible. Results would indicate the Pirquet preferable in the younger 
child, while the Mantoux is preferable in the older. The Pirquet is also 
preferable in general practice, for it is simpler and easier to give; it avoids 


TABLE 2 
Group of children from homes where there has been exposure to open cases of tuberculosis 


NuMBER | MANTOUXx | PIRQUET 
GROUP TESTED positive | positive | REMARES 


29 29 29 
4 2 4 
9 9 7 
8 3 3 Source of infection sister: 4 

brothers, one sister negative; 
3 sisters positive 

Source removed from home when 
negative; was only two weeks 
old 

Mother had tuberculosis. Nega- 

tive; removed at birth 

Children 15, 16, 17, 18 years old. 

Source removed from home 
when children were young 


62 49 


Percent...| 100 85.5 79 11.3 


the objection frequently encountered of having something injected into 
the child; and tuberculin undiluted will retain its potency indefinitely, 
while in the diluted form used in the Mantoux test the dilution should be 
freshly prepared ; otherwise the test will be worthless. 

On X-ray examination of those who reacted, fifteen were found with 
demonstrable lesions, two reacted only to the Mantoux test, twelve to 
both tests, and one to the Pirquet. The number tested were 498 boys, 
of whom 62, or 12.4 per cent, reacted to one or both tests, and 508 girls, 
of whom 72, or 14.2 per cent, reacted to one or both tests. The percent- 
age of positives was higher among the girls, which no doubt is due to the 
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fact they were closely associated with those in the home and were thus 
more likely to be infected if some member of the family had the disease. 
Forty-five girls reacted to the Pirquet and forty-eight to the Mantoux 
test, while forty boys reacted to the Pirquet and fifty-one to the Mantoux. 
The difference in the number reacting to the two tests was very slight in 
the case of the girls, while it was quite marked among the boys. This is 
rather interesting, and would suggest a home infection and, as a result, a 
likelihood to react to the less sensitive as well as to the other test. In the 
case of the boys, the infection probably took place outside the home as a 
result of casual exposure; consequently, the boys reacted more frequently 
to the more sensitive test. 

A study of children coming from families where there are known cases 
of open tuberculosis is interesting. As shown in table 2, 19 families were 
studied and the total number of children examined was sixty-two. Fifty- 
one reacted to one or both tests, six to the Mantoux and not to the Pir- 
quet, and two to the Pirquet and not to Mantoux. Those who did not 
react to either test are worthy of special comment, as well as those who 
reacted to one test and not the other. Even though the number tested 
was not large, I believe it is significant that such a high percentage 
reacted. When the child has had a family exposure, it would appear 
that either test will most likely give a reaction. 

It seems that, when the percentage reacting is so small, as is the case in 
a district such as had been studied, it would be worth while to use the 
tuberculin test more widely in the schools and to make a family study of 
all children reacting, as a means to discovering adult cases. This gives a 
rather bright outlook for the future in the fight against tuberculosis. 

It would appear from the study as a whole that neither test is infallible, 
and that, if one wants to get the largest number of reactions, both tests 
should be used, or the Mantoux should be repeated with bigger dosage. 
If, on the other hand, it is found, as the study would indicate, that when 
the subject has been infected in the home he will most likely react to the 
Pirquet, this test would be more practical in determining the source of 
infection, since the number of families to be studied would not be so 
great. 

The value of either test from the standpoint of prognosis cannot be 
determined at this time, but, with further study and follow-up of these 
cases in the future, some valuable information may be obtained as to 
which group of reactors will give the highest percentage developing 
clinical tuberculosis. Certainly if this can be demonstrated the tubercu- 
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lin test may prove of far greater value than as simply determining previ- 
ous infection. It is probable that the value of the tuberculin test has not 
been fully utilized, and every effort possible should be made to do so, in 
order to get the greatest and most practical benefit from its use. We 
appreciate its value as a means of discovering infection, but if it can be 
put to practical use in determining just who is apt to break down in the 
future, or be of greater aid in determining the source of infection, it 
should be used accordingly so that the attack may be more effective. 
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THE EFFECT OF MECHANICAL GRINDING ON 
TUBERCLE BACILLI: 


HENRY STUART WILLIS 


Interest in what might be called sheer bacteriology has experienced 
a marked awakening during the last decade. This is attested by the 
appearance of numerous contributions on mutations, pleomorphism, 
life-cycle, dissociation, phage, filtrable viruses and other such hitherto 
unknown or unsuspected bacterial attributes. Bacteriological studies 
have interested many whose work lies chiefly in tuberculosis, and indeed 
some of the significant bacteriological work of recent years has been 
done upon the bacillus of this disease. 

We have been engaged in ascertaining the effect which mechanical 
grinding has on the morphology and pathogenesis of the tubercle bacillus. 
There were two desiderata in the prosecution of the work. These were 
(1) to ascertain the appearance of bacilli after varying periods of grind- 
ing and to learn the rate at which pulverization of the germs takes place, 
and (2) to relate the corporeal disintegration of the bacilli to any loss of 
pathogenicity. These ends were accomplished by making microscopic 
examinations and animal inoculations of dried, unground bacilli, and of 
this material at definite periods during the process of grinding. 

Tubercle bacilli which are grown in considerable amounts on liquid 
media lend themselves readily to various types of manipulation. In 
order to prepare the material for this work, tubercle bacilli were grown 
for approximately six weeks on glycerine-broth in large bottles; the cul- 
tures were filtered by suction through a layer of cotton and gauze in a 
Buchner filter; and the bacilli were then washed with sterile, distilled 
water until all traces of media disappeared or until the filtrate no longer 
gave a biuret test or a chloride test. Air was then drawn through the 
mass of bacilli in the funnel until the former was comparatively dry. 


1 From the Kenneth Dows Research Fund for the Study of Tuberculosis, Johns Hopkins 
University and Hospital, Baltimore, Maryland, and the William H. Maybury Sanatorium 
(Detroit Municipal Tuberculosis Sanatorium), Northville, Michigan. 

2 During the processes of filtering, washing and drying, the Buchner filter was covered with 
a layer of sterile cotton supported by a wire frame in order to prevent contamination by aero- 
genous microérganisms. When prolonged suction is necessary, it is exceedingly difficult to 
prevent contamination. 
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The bacilli were then placed in thin layers in wide, flat, evaporating 
dishes and dried im vacuo over sulphuric acid, a process that yields a 
product that always bears a striking resemblance to “grape nuts.” After 
drying was completed, a part of this material was pulverized in a ball- 
mill. At intervals of from 2 to 33 days during the grinding, samples of 
the material were removed and subjected to microscopic examination 
and, at the end, to animal inoculation. The well known strain H374 


was used. 


MORPHOLOGICAL CHANGES 


Smears were made of unground specimens and of each sample of the 
ground specimens; these were stained with carbol-fuchsin and frequently 
by Gram’s method. Study of these smears revealed the facts (1) that 
there was a gradual disappearance of tubercle bacilli from the prepara- 
tions and (2) that this was associated with a morphological change in 
the germ and an increase in the amount of amorphous matter which made 
up the blue-staining background of the smear. That this is true may 
be seen from the data listed below. 

1. Unground Specimen: The dried, unground specimen showed in 
smears great numbers of bacilli lying both singly and in clumps of all 
sizes and shapes. They were predominantly solid rods, but numerous 
beaded forms were in evidence also. There was practically no blue- 
staining substance in the smear. 

2. Specimen after Two-Day Grinding: Smears of the sample removed 
after the two days’ grinding revealed many single bacilli and many in 
clumps and masses. A few of the bacilli were long, filamentous and 
thread-like; many were distinctly beaded; fewer of these had incorpo- 
rated within them “beads” which stained blue or black, and at times one 
of these structures was present at the end of a bacillus which then pre- 
sented a “comma” shape; an occasional one of these blue or black beads 


3 It is obvious that the size of the mill, the number of stones or balls, the amount of bacilli 
present and the speed of rotation of the machine all contribute toward determining the rate 
at which pulverization proceeds. The mill used in this experiment had a capacity of four 
litres; smooth stones, 1 to 2 cm. in diameter, filled it to about one-fourth capacity; 75 gm. of 
dried bacilli were put in; the mill was rotated 50 to 60 times per minute and was run day and 
night. Other similar experiments were carried out with one- and two-litre mills and with 
varying amounts of tubercle bacilli. 

4 While not as virulent as it formerly was, this strain still produces disease and death when 


inoculated into guinea pigs. 
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was found to be lying free from and unassociated with bacilli; a moderate 
amount of amorphous blue was present; no other bacteria were seen.5 

3. Specimen after Five-Day Grinding: The specimen that had been 
ground for five days contained numerous single tubercle bacilli and 
numerous clumps and small groups of from 4 to 12 or 15 bacilli lying in 
close proximity to one another; these most often lay in a matrix of amor- 
phous substance that stained blue; beading was common (with red and 
occasionally black or blue staining); filamentous forms were present; the 
background of blue was conspicuous. 

4. Specimen after Nine-Day Grinding: At nine days some of the bacilli 
appeared to be packed into red-staining masses in which it was difficult 
to distinguish individual forms. This sample also contained occasional 
single bacilli which were frequently beaded, as it did also a few thin, 
threadlike acid-fast rods. The blue was very abundant. 

5. Specimens afier 13 and 18-Day Grinding: At 13 and 18 days the 
preparations consisted of a rather dense, granular, amorphous blue back- 
ground with here and there a very occasional acid-fast rod or a very 
small clump of such rods. The latter contained many beads, which were 
either red or red and black. In samples removed after more than 18 days 
of grinding, no tubercle bacilli were discernible in smears, even upon ex- 
haustive search. However, it should be remarked that, when a small 
mill was used, small numbers of intact bacilli were found after 49 days 
of grinding. 

In all these preparations, but particularly in those made after the 
shorter periods of grinding, blue, shadowy lines of bacillary shape were 
occasionally visible and, frequently, in the centre of these there would be 
a very slender red streak. This raises the interesting question of the 
loss of acid-fastness by mechanical means, although, if the crude wax is 
chemically extracted from tubercle bacilli, the latter retains its acid- 


fastness. 


CHANGES IN PATHOGENICITY 


It is well known that some of the tubercle bacilli which undergo com- 
plete drying are killed by this process, but it is equally well known also 
that many survive it. Krause‘ dried tubercle bacilli in vacuo and kept 
them in the dark at room temperature for a year and a half, when he 
inoculated them into guinea pigs and found that 25 per cent of the ani- 


5 However, cultures would always yield a large aerogenous coccus. 
6 Personal communication from Dr. Krause. 
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mals developed tuberculosis and succumbed to it. In the experiment 
now reported, three months elapsed from the time the bacilli were re- 
moved from the medium until they were inoculated into guinea pigs. 
During this time they were washed, dried im vacuo and pulverized in the 
mill. As already indicated, samples were removed from the mill at two-, 
three-, four- or five-day intervals for 33 days after grinding was begun. 
When grinding was discontinued, a weighed amount of each of these 
several samples, ground and unground, was rubbed in a mortar and sus- 
pended in physiological saline solution, and additional diluent was added 
until 0.5 cc. of each suspension contained 1 mgm. of bacteria or powder. 
Each of these samples was inoculated in this amount subcutaneously into 
the right groin of guinea pigs which had been tested with tuberculin a 
few days previously and had been quite negative. Altogether 45 guinea 
pigs were inoculated. These were divided into nine lots of five each, 
one of these lots being used for one of the specimens already mentioned. 

As one would expect, all of the animals inoculated with the unground 
bacilli developed enlargement of the lymph nodes of the groin. Of those 
inoculated with the specimen removed after two days’ grinding, all de- 
veloped similar, but not such marked, enlargement. Of the 5 animals 
that received the specimen ground for five days, one showed enlargement. 
This was true also for the group receiving the nine days’ specimen. 
Material ground longer than nine days aroused no reaction or, at best, 
only an occasional, equivocal reaction, when put into guinea pigs. Un- 
crushed, intact tubercle bacilli remaining in the specimen were doubt- 
less responsible for the reaction. 

The capacity to produce progressive tuberculosis in guinea pigs proved 
to be the same for the unground tubercle bacilli and for the two-day 
ground specimen. In each instance three out of five animals (60 per 
cent) succumbed. Material ground longer than two days invariably 
failed to produce progressive disease and death. 

Tuberculin sensitiveness of the animals showed an incidence in these 
groups which closely paralleled that of the enlargement of the groin. In 
the group receiving the unground material, all reacted to tuberculin; in 
the group receiving the material which was ground for two days, four of 
five reacted; in the group receiving the material which was ground for 
five days, two of five reacted, while groups receiving the 9 and the 13 
days’ material contained one reactor each. Specimens ground longer 
than 13 days aroused no tuberculin reaction in the injected guinea pigs. 
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DISCUSSION 


A few points of interest may be commented upon. The first is the 
relation between intactness of the bacilli and the formation of tubercle. 
It is well known that wax or lipin which has been extracted from tubercle 
bacilli will arouse the formation of tubercle when introduced into animals. 
And the tubercle thus brought into being is, in essentials, quite indis- 
tinguishable histologically from that caused by the introduction of tuber- 
cle bacilli themselves. It is likewise well known that killed tubercle 
bacilli arouse the formation of typical histological tubercles. Yet the 
pulverized content of the bacillus, in which the lipin has experienced a 
change in physical arrangement but has not been removed, is no longer 
tuberculogenic. Why this should be so is not clear. 

One would expect the tuberculin reaction to parallel the demonstrable 
evidence of tubercle in the inoculated animals just as was the case in these 
animals. This is not to say that demonstrable lesion need be present for 
the reaction to take place, even though it has been solidly established 
that anatomical tubercle is a sine qua non for the tuberculin reaction. 
It means that, when an animal is inoculated at a site where lymphoid 
tissue normally exists, this tissue nearly always develops palpable tuber- 
cle by the time the tuberculin reaction becomes positive. Whether 
living or dead, inoculated tubercle bacilli lead to the formation of ana- 
tomical tubercles and to hypersensitiveness to tuberculin. 

Another question which is closely related to this one is seen in the loss 
of acid-fastness of bacilli after grinding. The basis of acid-fastness 
offers many questions which are essential problems in themselves and 
which can be mentioned but briefly in this connection. There are three 
ideas prevalent as to the cause of acid-fastness. These are (1) that the 
tubercle bacillus possesses a capsule; (2) that the lipin content of the 
bacillus is the element conferring acid-fastness (as a result of much chemi- 
cal investigation, it is believed by many that the particular property 
which is acid-fast is an ester or “esters of a solid alcohol of high molecular 
weight’’); and (3) that some peculiar physical combination of the lipin 
and the protein is responsible. 

The capsule idea was the accepted one until it was shown that lipin 
extracted from the tubercle bacilli is acid-resisting. This theory is no 
longer seriously held. The belief that the lipin is the sole element in the 
bacillus which is responsible for this peculiar property of acid-fastness 
has has wide acceptance because of the readily demonstrated fact that 
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this extracted substance is acid-fast. As pointed out by Long, there are 
two facts which bring into question the claim that this substance is all 
that is needed for acid-fastness of the bacillus. The first is the fact that 
after extraction of lipin up to 20 to 35 per cent of the dry weight of bacilli, 
which is all that can be removed by the use of ordinary fat solvents, bacilli 
remain acid-fast; and the second is that mechanical grinding destroys 
acid-fastness without removing lipin (Benians and others: see Long). 
Long has shown that there are two types of lipin or two types of lipin- 
protein combination in acid-fast bacilli. One of these is abundant, 
loosely bound and easily extracted, and it leaves the bacillus acid-fast. 
The other is so tightly bound as to be nonextractable except after pro- 
longed treatment with acid; after such treatment, however, it is readily 
extracted, and the bacillus is no longer acid-fast. Approximately the 
same amount of lipin may be derived from Bacillus subtilis as from acid- 
fast bacilli at the second extraction (following treatment with acid). In 
Long’s judgment this means that not only must lipin be present but that 
it must be present in a particular physical or mechanical combination 
with the protein or other elements of the bacillus in order for it to be acid- 
fast. However, this interpretation of the facts does not explain the acid- 
fastness of extracted lipin. This is an interesting question about which 
the last word has probably not yet been said. 

Finally, we may consider for just a moment the question of using such 
bacillary material as this in the preparation of tuberculin. The tuber- 
culin in common use (Old Tuberculin) is a mixture of specific tuberculo- 
protein and the nonspecific proteins, salts, glycerine and other ingredients 
of media. Extraction of pulverized tubercle bacilli with water yields a 
potent tuberculin which is relatively pure and one that has had rather 
extensive use in experimental work. Fortunately, this question is not 
acute now that Seibert’s ultrafiltrate, a pure tuberculo-protein, is 
available. 


CONCLUSIONS 


1. Mechanical grinding of dried tubercle bacilli leads to the gradual 
loss of bacteria and to the concomitant formation of amorphous-blue 
staining matter in stained smears of the pulverized powder. 

2. Tubercle bacilli that have been dried for several months are tuber- 
culogenic and usually pathogenic for guinea pigs. 

3. Dried tubercle bacilli that have been ground in a ball-mill for two 
days usually contain forms that are tuberculogenic and pathogenic for 
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guinea pigs. Those that have been ground for longer than two days are 
occasionally tuberculogenic but are not pathogenic for guinea pigs. 

4. It is a curious and well-known fact that intact tubercle bacilli, living 
or dead, and the extracted wax from tubercle bacilli are acid-fast and are 
tuberculogenic, but the wax from pulverized tubercle bacilli loses its 
acid-fastness and its capacity to arouse anatomical tubercle. 
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THE RELATION OF TOXICITY IN PULMONARY TUBER- 
CULOSIS TO THE DIFFUSIBLE-NONDIFFUSIBLE 
CALCIUM RATIO?? 


JOHN D. BOOTH anp ARTHUR S. BROGA 


The life and activity of a single cell are dependent on the permeability 
of the cell-membrane. It is known that calcium is a diffusible substance, 
and several authors believe that calcium affects the permeability of the 
cell-membrane. It has been shown by Krogh and Harrop (1) that there 
is a constant alteration in capillary permeability in response to the needs 
of tissue, probably dependent on the local accumulation of carbon dioxide, 
lactic acid and other metabolic products. Wells (2) believes that the 
toxic effect of nephritis produces in all cells, as well as capillaries, an in- 
crease in permeability. Petersen (3) found that in chronic tuberculosis 
there is a normal or diminished capillary permeability of the skin-vessels, 
while advancing tuberculosis shows an increase in permeability. 

The blood-serum contains calcium in two forms, namely, the diffusible 
and the nondiffusible or, more correctly, the diffused and nondiffused. 
Therefore, the ratio of the diffused to the nondiffused calcium is an 
expression of the distribution of calcium through the cell-wall. If it can 
be assumed that toxic diseases, such as pulmonary tuberculosis, will 
cause an increase in the permeability of the cell membrane, theoretically 
the expression of that permeability in terms of diffusible to nondiffusible 
ratio should be high. . 

Merrit and Boner (4) have recently studied the ratio between spinal- 
fluid calcium and serum-calcium content in 9 cases of active pulmonary 
tuberculosis, but found no appreciable changes. The percentage of the 
diffusible calcium varied from 46 to 55, with an average of 51.7, which 
was only slightly higher than normal. 

There are two principal methods of determining the diffused portion of 
calcium. One is by dialysis or ultrafiltration through an artificial mem- 
brane and the other by determination of the calcium content of spinal 


1 From the Stony Wold Sanatorium Laboratory, Lake Kushaqua, New York. 
? Read before the Saranac Lake Medical Society, Saranac Lake, New York, December 17, 
1930, 
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fluid. The principal inspiration for carrying on this study was derived 
from work done by Cantarow (5). It is his belief that there is sufficient 
justification for considering the spinal-fluid calcium as the diffusible 
calcium of the blood and that it is the method of choice in determining 
the diffused portion (6). Cerebrospinal fluid was used in this study. 
The spinal-fluid calcium was considered the diffusible fraction of the 
serum, the remainder of the serum calcium being nondiffusible. 

Cantarow observed 63 cases with pulmonary tuberculosis (7). In 
25 per cent of these the diffusible-nondiffusible calcium ratio was found 
to be above normal limits. In this group of 16 cases the lesions, with one 
exception, were found by roentgen-ray examination to be of the exudative 
type in an advanced stage. All were clinically active and four in a criti- 
calcondition. In 18 per cent the diffusibility ratio was below normal and 
the lesions of the 11 patients in this group were of the proliferative or 
fibroid type and none of them were critically ill. 

Cantarow believed from these findings that “‘an increased diffusibility 
ratio is associated with the exudative type of tuberculosis with manifest 
clinical activity and conversely a subnormal diffusibility ratio is asso- 
ciated with a predominantly productive or fibrotic lesion of low grade 
activity.” He believed too that in tuberculosis there appears to be a 
definite relationship between calcium diffusibility and cell permeability. 

The object of this study, therefore, was to carry the work of Cantarow 
a step further and to determine if in all cases with high-diffusibility ratio 
there existed toxicity, as evidenced by the blood-picture, sedimentation 
test, X-ray and clinical findings. 

Eighteen patients were selected, all women, the group containing 9 far- 
advanced cases and 9 moderately advanced. All were bed-patients. 
Three of the group gave X-ray evidence of intestinal tuberculosis, two 
had pleurisy with effusion and one had acid-fast infection of the cervical 
lymph nodes. 

In no case were observations made on the patients during the menstrual 
cycle. 

Spinal taps and venipunctures were done simultaneously on each 
patient. The time of day was constant; all being done between 7 and 
8 P.M. 

The method used for the determination of calcium was the Clark- 
Collip modification of the Kramer-Tisdall method for serum-calcium (8). 

The blood-sedimentation tests were done after the method suggested by 
Cutler (9), using tubes 5 mm. in diameter and calibrated to40 mm. The 
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amount of precipitation was observed at the end of one hour. Cutler 
considers a precipitation up to and including 10 mm. as normal for 
women and any reading above that as being evidence of some pathological 
change. For convenience we have classified our cases showing a sedimen- 
tation of 10-15 mm. as one plus, 15-20 mm. as two plus, 20-25 as three 


TABLE 1 

Shows the percentage of increased and decreased diffusible-nondiffusible calcium ratios, as found 
by Cantarow compared with the Stony Wold series of cases. Cantarow’s normals 

are also shown 


SPINAL 
BLOOD D/ND D/ND D/ND i 


FLUID 
CALCIUM CALCIUM TNCREASE | DECREASE 


per cent ber cent per cent 


Cantarow’s; normals (68 cases)........ 9.2-11.0) 4.5-5.5 | 82 - 115) — 1 
Cantarow’s; pulmonary _ tuberculosis 
Stony Wold; pulmonary tuberculosis q 


9.4-16.3| 5.2-7.6 | 50 - 158] 33 16 


TABLE 2 
Shows the diffusible-nondiffusible calcium ratios, sedimentation readings and blood-count 
interpretations of the cases with X-ray activity. The bold-faced figures indicate 
diffusible-nondiffusible ratios above normal 


NUMBER OF CASE RATIO SEDIMENTATION BLOOD COUNT 
2 158 27 ++++ Septic i 
| 6 126 18 ++ Slightly septic i 
8 96 14 + Slightly septic 
9 147 18 ++ Slightly septic 
12 147 18 ++ Septic 
14 129 17 ++ Normal i 
18 50 26 ++++ Septic 


71% of 7 active X-rays—high ratio 
85% of 7 active X-rays—septic sedimentation 
85% of 7 active X-rays—septic count 


plus, and 25-30 or above as four plus. Those cases producing a sedi- 
mentation of 15 or more were considered definitely septic. 

The blood counts were done after the method suggested by Medlar (10) 
and our interpretation of the blood-picture was done according to his 
method. Blood from the vein was used in the counting. 

The usual standards were used to determine the clinical activity. 
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The pulse and temperature were noted during the week the laboratory 
observations were being made. 

The cases have been correlated in numerous ways to ascertain the 
relationship between a high diffusible-nondiffusible ratio and toxicity as 
evidenced by other accepted methods. 

That which checked most favorably was the so called active X-ray 
(table 2). Of the 18 cases, there were 7 which appeared active by X-ray, 
and 71 per cent of these showed a high diffusible-nondiffusible ratio. 
Activity, as evidenced by X-ray, is a much disputed question and there 
is little doubt that the personal element enters into its determination. 
While one observer will consider a given case active by X-ray, another 
will take the opposite view. But everyone will agree that some paren- 
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ILLUSTRATES THE PERCENTAGE OF HIGH DIFFUSIBLE-NONDIFFUSIBLE CALCIUM 
RATIOS IN THE CLINICAL AND LABORATORY Factors CONSIDERED 


Cuart 1. 


chymatous tuberculous lesions appear more fresh—more acute (if we may 
use these descriptive terms)—than others. All members of the staff con- 
sidered these seven cases grouped under the heading “X- iad active” as 
belonging to this class. 

Next in order came those cases giving evidence of clinical activity, of 
which there were seven. Of this number 45 per cent showed a high 
diffusible-nondiffusible calcium ratio. J 

There were 11 cases showing both a septic count and a septic sedimen- 
tation, and 45 per cent of this number also showed a high ratio. 

There appeared to be no relationship between far-advanced and moder- 
ately advanced cases, there being 9 of each and 33 per cent of each show- 
ing a high ratio. 
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But 31 per cent of 13 cavity cases showed a high ratio and there 
appeared to be little if any correlation there. 

The 3 cases giving X-ray evidence of intestinal tuberculosis had ratios 
within normal limits. Whether the administration of codliver oil and 
tomato juice and the quartz-mercury lamp had any bearing on this we are 
not prepared to say. 

Two cases of pleurisy with effusion also had a ratio within normal 
limits. 

Of the 3 cases showing a subnormal ratio but one could be considered 
as having a fibrotic type of lesion with low-grade activity. 


CONCLUSIONS 


1. From a diagnostic or prognostic standpoint our present accepted 
methods for determining the toxicity of a patient with pulmonary tuber- 
culosis are more satisfactory than a determination of the diffusible- 
nondiffusible calcium ratio. 

2. While an increased diffusible-nondiffusible calcium ratio is asso- 
ciated with the exudative type of tuberculosis with manifest clinical 5 
activity in a certain proportion of cases, it certainly does not hold true in 4 
more than 45 per cent of the cases studied. ‘ 

3. Our findings were at variance with those of Cantarow regarding a ; 
subnormal diffusibility ratio as being associated with a predominantly 5 
fibrotic lesion and low-grade activity. 

4, The diffusible-nondiffusible calcium ratio is of little value in deter- 
mining the toxicity of a patient with pulmonary tuberculosis. 


We are indebted to Mr. E. C. Stearns of the laboratory staff for valuable assistance in the 
blood counting. 
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LESIONS OF THE PERIPHERAL BLOOD-VESSELS IN 
PULMONARY TUBERCULOSIS 


RICHARD T. ELLISON! 


In the various text-books on pulmonary tuberculosis little if anything 
is said regarding the lesions of the peripheral blood-vessels in the disease. 
This is because there are so many more important manifestations to 
be discussed that space does not permit more than the mere mention 
usually of phlebitis only. For this reason the fact that there are lesions 
of the peripheral blood-vessels occurring in pulmonary tuberculosis is 
frequently lost sight of. Such lesions, however, do occur fairly fre- 
quently and, while of no value in diagnosis, they are of some prognostic 
value, and from the pathological view point frequently explain unusual 
clinical findings. 

The lesions I wish to call attention to and discuss are those of arteries 
and veins at a distance from any tuberculous focus, either active or 
quiescent. Lesions of blood-vessels lying wholly within or in close 
proximity to tuberculous foci, while well recognized and of common occur- 
rence, do not fall into this category. 


LESIONS OF THE ARTERIES 


The lesions of the peripheral arteries may be either thrombotic or 
embolic. Of the former condition I have personally seen no examples 
and can only quote from Welch’s (1) paper on thrombosis. In consider- 
ing the causes of thrombosis he says: 


Tuberculosis: The consideration of thrombosis directly referable to tubercu- 
lous processes adjacent to vessels need not detain us. The occurrence of 
intimal tubercles, where the evidence is conclusive that tubercle bacilli have 
penetrated the inner lining of vessels directly from the circulation in the main 
channel, may be mentioned not only as a causé of thrombosis but also as an 
interesting illustration of this mode of infection of the vascular wall. Several 
instances of endocarditis caused by the tubercle bacilli have been described, and 
mention has already been made of tuberculous cardiac thrombi. Michaelis 


1 Philadelphia, Pennsylvania. 
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and Blum have produced tuberculous endocarditis experimentally by injuring 
the valves in rabbits and then injecting tubercle bacilli into the ear vein. 
Particularly demonstrative of infection taking place through the vascular 
endothelium are the rare instances of tuberculous foci in the aortic intima, 
without invasion of the outer coats and without tuberculosis of the neighboring 
parts. Two instances of this type of aortic tuberculosis have been observed 
in my laboratory and are described by Flexner and Blumer. I have recently 
examined a section in the possession of Dr. Gaylord, of a superficial tuberculous 
focus in the intima of the aorta with an exquisite platelet and fibrinous throm- 
bus containing tubercle bacilli attached to the nodule. These rare instances 
are cited as they furnish conclusive proof that bacteria may penetrate inner 
lining of vessels from the main channel, even where the blood current is forci- 
ble, and may set up inflammation with secondary thrombosis. Hektoen’s 
interesting observations of the changes in the intima of vessels in tuberculous 
meningitis furnish additional evidence along the same lines. 

Arterial thrombosis, outside the forms to which reference has been made, and 
which are of pathological rather than clinical interest, is a rare event in tuber- 
culosis. Most common are the instances of thrombosis of the pulmonary artery 
and its branches in phthisis. 


Of embolic lesions of the peripheral arteries caused by pulmonary 
tuberculosis, I believe the following case to be a unique example. 


Case 1: White female, aged 40. Had been feeling entirely well until just before 
Christmas in 1925. At this time had what she thought was an acute “‘cold.” 
But, as she became worse during the next few days, she was admitted to a 
general hospital with the chief complaint of fever, cough and pain in the 
chest. At this time, December 18, the patient presented the picture of an 
acute respiratory infection, probably pneumonia. The temperature was 
between 102° and 104°F.; there was cough without much sputum and pain 
in the lower left chest on deep inspiration. The sputum was not “rusty” and 
there had been no haemoptysis. The past history was negative except for 
“pneumonia” in 1917 followed by pleurisy, and occasional attacks of bronchitis 
since then. On physical examination the patient looked toxic and prostrated; 
the face was flushed, the breathing rapid, there were early sordes about the 
lips. The chest expansion was poor, especially at the left apex, and the per- 
cussion note was diminished over the entire chest. Réales were also heard over 
the entire chest; the whispered voice was increased. There was no friction rub. 
The resident physician notes “beginning consolidation, both bases.” The 
abdomen was essentially negative. The extremities showed no oedema, the 
reflexes were hyperactive. This was essentially the picture of a broncho- 
pneumonia and was treated as such. The patient’s condition remained about 


i 
¥ 
q 
3 
) 
x 


n 
4 
fe) 
Ay 


‘2. 4 
Le 
/ 
\ uf 
Fic. 1 ; 
4 

Fic. 2 


240 RICHARD T. ELLISON 


the same for three days and then the temperature dropped to below 100° 
and there was considerable clinical improvement. On December 24 th 
patient suddenly complained of numbness, tingling and coldness of the lef 
foot. Examination showed the foot to be slightly discolored as far as th: 
ankle. The sense of touch was impaired and the foot felt cold. The planta 
reflex was negative, the patellar active. There was some tenderness alon, 
the lower inner aspect of the leg. Pulsation in the dorsalis pedis and th: 
internal and external tibial arteries was good. During the next two week 
the pulmonary condition gradually improved, but the sputum was found t 
contain tubercle bacilli on three occasions. The condition of the foot advance: 
to a dry gangrene, involving the distal half and the entire sole, and there wer 
also several small patches of superficial gangrene involving the skin over th 
lower inner leg. On February 2, 1926, the patient was transferred to th 
Home for Consumptives where she first came under my care. X-ray of th 
chest at that time is shown in figure 1. During the following year there wa 
no change in the condition of the foot. Figure 2 shows the condition eleve: 
months after onset. The pulmonary condition during this time had remaine: 
stationary. During the second year nature’s efforts at spontaneous amputa 
tion were assisted by picking away the mummified tissue distal to the line o 
demarcation, and the outer half of the foot was finally separated, leaving : 
clean surface. During this time the pulmonary condition became gradually 
worse and in November, 1926, there was an acute spread of the disease, the 
temperature became high and septic, and the patient died January 16, 1927. 


DISCUSSION 


Embolic and metastatic phenomena in pleural and pulmonary infec 
tions are well known and of comparatively common occurrence. The 
infections, however, are usually chronic suppurative conditions of long 
standing, but in pulmonary tuberculosis the incidence of these complica- 
tions is remarkably low. In the aetiology of embolism of the peripheral 
arteries vegetative endocarditis is by far the most frequent cause and 
must be eliminated as a factor before any other lesion can be considered 
the aetiological source of the embolus. 

Eliminating vegetative endocarditis, the chief pulmonary conditions 
causing embolic phenomena are bronchiectasis, empyema (or rather the 
lesion in the lung immediately adjacent to the empyema), lung abscess, 
unresolved pneumonia, chronic bronchitis and tuberculosis. These are 
roughly in the order of the frequency of their occurrence. 

Aschner (2) in a consideration of this subject says, in conclusion, 
“Embolic complications may be aseptic or septic and they may occur in 
both non-suppurative and suppurative lung infections, but chiefly in 
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the latter. They are referable to thrombotic and phlebitic lesions of the 
pulmonary veins. They may involve not only the brain but the arteries 
of the extremities. They may also involve the spleen and kidneys.” 
In none of the cases he reported, however, was tuberculosis the underlying 
pulmonary lesion. Looking at it from the other angle, that of metastatic 
abscess of the brain, pulmonary tuberculosis is usually given as the pri- 
mary site of infection in one or two per cent of the cases. 

From this it can be seen that the lung is a frequent place of origin for : 

emboli that may lodge in any part of the general circulation. It is also 
by far the most frequent source of the infection resulting in brain abscess. 
Another evidence of the ease with which the lung disseminates small 
emboli from lesions within its substance is the frequency of metastasis to 
the brain of primary carcinoma of the lungs and bronchi. In fact, the 
connection is so close that the metastatic lesion in the brain may be the 
presenting pathological picture and the primary site in the lungs may 
be entirely overlooked at first. 

The points of interest in this case are that the origin of the embolus i 
was a tuberculous bronchopneumonia, that the embolus was sterile, and 
that it took a period of two years for the spontaneous separation of the 
distal half of the foot. 


LESIONS OF THE VEINS 


The lesions of the peripheral veins associated with pulmonary tubercu- 
losis are limited to thrombosis and phlebitis. These conditions are most 
commonly seen in the lower extremities but may also occur in the arms 
and even in the large abdominal veins (3). In his thesis on thrombosis 
Welch (1) says in part, 


On the other hand, peripheral venous thrombosis in advanced phthisis is a 
comparatively common and well recognized ailment. In a great majority of 
cases veins of the lower extremity, the left oftener than the right, have been 
plugged; but the thrombus may be in the inferior vena cava, or other veins, or , 
in the cerebral sinuses. In about 1,300 necropsies on phthisical patients at 

the Bromptom Hospital there were twenty cases of thrombosis of veins of 

the lower extremities (1.5 per cent). 


Dodwell (4), some forty years ago, collected 20 cases. He found that 
with the exception of one case the thrombosis was at or near the level of 
Poupart’s ligament. The cases were all subacute and showed extensive 
pulmonary involvement. The average duration of life after the develop- 
ment of the tuberculosis was thirteen months and in the majority of 
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instances death occurred between the sixth and the sixteenth day after 
the development of the thrombosis. Symptoms of the onset of thrombo- 
sis were for the most part slight and vague: some slight oedema of the 
leg and ankle, pain on pressure over the vein in more than half the cases, 
no constant effect on the temperature. It is probable that the process 
in all cases is a primary thrombosis and that the phlebitis when present 
is secondary. In conclusion he says, “The discovery, then, of venous 
thrombosis in a case of advancing phthisis should be a warning that the 
fatal event will probably occur within three weeks.”’ 

More recently Riesman (5), speaking of the causes of phlebitis and 
thrombosis, says: 


Tuberculosis—I have seen a few instances of thrombosis in tuberculosis. It 
occurs both in the legs and in the arms. In this disease it has, I think, a 
very unfavorable significance, and in that respect affords a guide to prognosis 
which, as you know, is proverbially difficult in consumption. I have found 
that after thrombosis occurs in a case of pulmonary tuberculosis life is usually 
a question of not more than six weeks or two months. The thrombosis is 
probably not a tuberculous process but is due to circulatory weakness, to 
change in the composition of the blood and probably, as already mentioned, 
to a low grade secondary infection. 


The following two cases are illustrative of this type of lesion. 


Case 2: White female, aged 24. This patient had a history of fibrocaseous 
tuberculosis of the lungs extending over a period of three years. She had been 
losing ground gradually for the past year. For the past two months she had 
been running an afternoon temperature of 100°-101°F. Her general nutrition 
was fairly well maintained although her weight curve had gradually been going 
down. At this time, slowly during the course of two or three days, she de- 
veloped a painless swelling of the left leg from Poupart’s ligament down. On 
examination there was slight pitting on pressure; there was no change in the 
color of the leg but it was slightly warmer to touch than the right leg. There 
was tenderness on palpation just below Poupart’s ligament and along the line 
of the great vessels, but there was no evidence of an inflammatory process nor 
did the process have any definite influence on the temperature curve. The 
condition remained the same for about a week and then the swelling gradually 
subsided. The leg returned to its normal size and there was no residual evi- 
dence of the condition. About six weeks later the entire cycle of events was 
repeated in the right leg. There was painless swelling with moderate oedema 
and slight increase in the temperature of the limb. All this again subsided in 
about ten days without any evidence of acute inflammation. 
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or These events did not have any influence on the course of the pulmonary 
0- disease and the patient died some three months later of advancing pulmonary 
1e tuberculosis. No autopsy was permitted. 
“ Case 3: Elderly white female. The patient had passed the previous six years 
it in various sanatoria for tuberculosis. The pulmonary disease was a chronic 
“ fibroulcerative phthisis of both lungs. During the past two years the condition 
" had been slowly advancing, until now the patient was almost entirely bed-fast. 
There had been moderate afternoon fever for some time and a gradual general 
“slipping,” so that it was obvious that the end was near. At this time the 
d patient suddenly began to complain of pain in the antecubital fossa of the ‘ 
left arm.. On inspection there was redness in this region extending both up 
It and down the arm for a few inches. There was moderate oedema of the ; 
F involved area and of the arm below this point. The part was quite warm to the 3 
is touch and there was considerable pain on palpation or on motion, either active 
d or passive, during the acute stage of the condition. There was also an added 4 
y rise of temperature of about 1°F. Treatment at this time consisted of immo- ‘ 
‘. bilizing the elbow and the application of cold. In the course of two weeks } 
the entire local condition had cleared up except for some thickening of the : 
; tissues and the persistence of string-like cords through the antecubital fossa. : 
. The advance of the pulmonary condition was uninfluenced by the local condi- ‘ 
tion and the patient died of chronic pulmonary tuberculosis about two 
months later. 
DISCUSSION 
n The first of these cases is one of tyncomplicated thrombosis. The pain- 
d less swelling and the lack of any evidence of inflammation would exclude 
. the possibility of any extensive phlebitis. The most interesting feature 
. of this case was the repetition of the entire cycle of events in the other 
4 leg. The other case is one of thrombosis associated with phlebitis. 
a These cases add nothing to what was brought out by the above reference 
" except that the interval of time between the occurrence of the thrombo- 
. sis and the final exitus of the patient was longer than is usually stated. 
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RECURRENT WINTER COUGH! 
Its Pathogenesis 


JOSEPH HARKAVY 


In spite of the prevalence of recurrent winter cough comparatively 
little has been accomplished either in its prevention or cure. Its patho- 
genesis is bound up with the common cold and influenza, the aetiology 
of both of which is obscure, although according to recent investigation 
this is attributed to a filterable virus. Colds and influenza recur each 
year in mild endemic form and, though primarily much less severe than 
during the epidemic of 1918, they are often followed by similar sequelae 
such as chronic changes in the respiratory tract. These alterations are 
responsible for recurrent winter cough. 

Influenza is a systemic disease probably affecting the entire respiratory 
tract, which may disappear within 24 to 48 hours. Should, however, 
the acute systemic invasion subside only in part, it often lowers the bar- 
riers for secondary invaders which become localized within the sinuses 
and the lungs, or both, and the patient may present the picture of inter- 
mittent invalidism. 

With the onset of cold weather a group of 13 cases presented themselves 
to the clinic, complaining of such symptoms as headache and dizziness, 
nervousness and irritability, sweating at the slightest exertion, general 
debility, pains in the chest and cough. The pains were either substernal 
or dorsal on one side or the other. On detailed inquiry these patients 
stated that they had repeated colds or influenza followed by persistent 
cough for a number of years, recurring every winter, and diminishing 
appreciably during the summer. The duration of symptoms in the 
longest case was nine years, the shortest several weeks. Many of these 
patients returned yearly to the clinic with the same complaints, and then 
improving somewhat with symptomatic therapy. 

On physical examination these individuals, whose ages varied from 
fourteen to sixty-three, presented the following features: The younger 
ones were underweight, their complexions having a muddy pallor, and a 


1 From the Outpatient Department of the Mt. Sinai Hospital, New York City. 
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moderate cyanosis of the lips. There were pouching under the eyes, 
slight excoriation about the nostrils, and a thickness in speech, inter- 
rupted now and then by coughing. Inspection of their throats revealed 
the glazed appearance of a congested pharynx, prominence of red- 
dened adenoid tissue and mucopus behind the uvula. Examination of 
the chest anteriorly was usually negative. Posteriorly there was impair- 
ment of resonance of one base or angther, or no change whatever. There 
were, besides, crepitant rales at the bases or at the angle of the scapula. 
In several of the cases, in place of the crepitating rales, there was a general 
bronchitis. The temperature was between 99° and 100°. The rest of 
the physical examination was negative. The cardiovascular system pre- 
sented no conspicuous abnormalities. 

In a further study of the cases which make up this report, it was found 
that they could be separated into three groups. First was a group of 
seven patients, in whom a tentative diagnosis of unresolved pneumonia 
was made, in view of the history of recurrent pulmonary infection for a 
number of years. The physical signs in the chest was borne out by 
X-ray findings. In view of the history of colds and headaches preceding 
the pulmonary involvement, the sinuses were investigated as possible 
foci for the infection in the lungs. These revealed involvement either 
of the antra or ethmoids or both, also confirmed by X-rays. <A second 
group of three, on physical examination showed signs of bronchitis, 
negative X-rays of the chest and positive films of the sinuses; and a third 
group on physical examination showed pneumonic infiltration, confirmed 
by X-rays but negative sinus X-rays. Of this last group two patients 
were found to have clinical sinus disease, even though the X-rays were 
negative. 


CASES WITH POSITIVE X-RAY OF SINUSES AND CHEST 


Case 1: (920), G. G., female, aged 16, first seen January 4, 1930. Gave a 
history of repeated winter cough, preceded by colds and grippe during the 
past ten years, and followed on three occasions by bronchopneumonia. One 
pneumonic attack was associated with empyema, which was operated upon. 
At the present admission patient complains of nervousness, headache and 
cough. Physical examination discloses a congested pharynx and postnasal 
mucopurulent drip. Crepitating rales at right and left bases. X-Ray: Cloudi- 
ness of both antra and right ethmoid; fibrosis of both lower lobes of the lung, 
more extensive on right; roentgen appearance that of an incompletely resolved 
pneumonic process. Pus found in both antra, associated with a suppurative 
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ethmoiditis. Antra were washed and ethmoids treated topically with argyrol 
tampons. During past year patient has been returning to clinic, feeling defi- 
nitely improved. Cough has practically disappeared; whereas formerly it 
persisted day and night, is now only occasional during the day. X-Ray Report: 
January 5, 1931: Exaggeration of markings at both bases. Compared with 
films of April 21, 1930, there is some decrease in density. Heart has abnor- 
mal configuration, being centrally situated and enlarged upward. Roentgen 
appearance strongly suggestive of more or less chronic inflammatory process 


at both bases. 


Case 2: (910), M. W., male, aged 16, admitted to clinic September 27, 1930, 
Seven weeks ago, without previous cold, patient began to cough chiefly at 
night, but often during the day. Cough productive of small amount of muco- 
pus. There was postnasal mucopurulent drip, and pharynx was congested. 
Lungs showed dulness, bronchial breathing, and numerous crackling rales in 
the small area over right middle lobe, near sternum, just above diaphragm. 
X-ray on October 1, 1930, revealed a cloudy right antrum with at least two 
polypi. The ethmoids show chronic thickening of the lining membrane; 
frontals and ethmoids are clear. The lungs show pneumonia in both lower 
lobes. Treatment: Both antra were washed and pus was obtained. The 
patient gradually began to improve. The cough practically disappeared, and 


upon reéxamination a month later the lung signs had completely vanished, and 
the chest X-ray was negative, although the thickening of the antra and mucosa 


was still present. 


Case 3: (193), A. M., male, aged 16, first seen on January 6, 1930. At age of 
two had influenza followed by bronchopneumonia. At age 8} had broncho- 
pneumonia again. On January 1, 1929, an attack of influenza was followed 
by a third bronchopneumonia, and in October, 1929, patient had a cold, which 
had lasted for two months and was succeeded by a fourth bronchopneumonia. 
Admitted to Post Graduate Hospital in November, 1929, was found to have 
pansinusitis and bronchitis, confirmed by X-ray. Discharged on November 
23, 1929, apparently well. X-ray of lungs at that time reported as showing 
central thickening of bronchi at root. On present admission has cough, with 
mucopurulent expectoration and pains in chest. Feels generally debilitated, 
has frequent headaches, and is not gaining weight. Temperature is 99°. 
Physical examination shows postnasal mucopurulent drip and congested 
pharynx. At both lung bases are crepitating rales. X-ray shows marked 
density of both antra, and numerous infiltrations at right base of lungs, close 
to the heart and pneumonic in character. Treatment: Pus in right antrum 
washed out January 24, 1930. Repeated irrigations followed, and on Febru- 
ary 27, 1921, when patient was last seen, he felt very much better. Antra 
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were negative, and cough had disappeared. On March 3, 1931, X-ray of 
chest showed no abnormality. 


CASE WITH POSITIVE X-RAY OF SINUS AND NEGATIVE X-RAY OF CHEST 


Case 4: (11545), J. D. S., male, age 36, first seen in clinic December 1, 1929. 
Chief complaint was colds and cough on awakening in morning, every winter 
for past fifteen years. During the last two weeks all symptoms aggravated, 
and, in addition, has been having pains in chest and profuse night-sweats. 
Physical examination disclosed dulness over left lung base, moist crepitating 
rales and bronchovessicular breathing. X-ray of chest negative, but sinuses 
showed marked cloudiness of the right and left ethmoids and left antrum. 
Referred to nose and throat department where antrum was washed and topical d 
applications to ethmoid were made. Last seen January 17, 1930, when cough 1 
had practically disappeared and pains in chest were gone. Physical examina- ; 
tion shows no abnormality in lungs. 


CASE WITH NEGATIVE SINUS X-RAY AND POSITIVE CHEST X-RAY 


Case 5: (11348), A. P., female, aged 44, first seen November 23,1929. During 
past year has had repeated colds in nose and throat, with headaches lasting 
three or four days. Has persistent cough, expectorating yellowish-green spu- 
tum. On physical examination shows roughened breathing and occasional 
sonorous rales at left base. Throat congested and contains mucopus. X-ray 
of sinuses negative; those of chest show pneumonic infiltrations in left lower 4 
lobe, in region of costophrenic sinus. Clinical examination of nose disclosed } 
polypoid degeneration of both middle turbinates and ethmoiditis. Treatment 
for sinuses consisted of argyrol tampons and general hygienic measures. Two i 
months later symptoms had completely disappeared for first time within year. ; 


The remaining patients presented similar histories and physical as 
well as X-ray findings. Nonsurgical treatment of their sinuses was fol- 
lowed by relief from symptoms. 


DISCUSSION 


Analysis of the cases cited emphasizes the fact that so called recurrent 
winter cough is not to be regarded as a symptomatic entity sui generis. 
It should be investigated as to its underlying cause from the standpoints 
of the presence of foci of infection and protein hypersensitiveness, espe- 
cially if it persists throughout the year. Reflex cough from outlying 
areas of the body such as the gastrointestinal tract, due to circulatory 
insufficiency, or from pressure within the mediastinum does not come 
within the scope of the present study. The influence of persistent infec- 
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tion within the respiratory tract is the outstanding feature under con- 
sideration. The striking facts in the histories of these patients are recur- 
rent colds, followed by cough, headaches and dizziness. The latter are 
strongly suggestive of sinus infection, and the pains in the chest are 
indicative of either pleuritic or pulmonary complications. 

The significance of these symptoms was clarified by the clinical findings 
described. These were, moreover, subsequently confirmed by X-ray 
and by the laryngologist. The variations in the clinical pictures, as 
illustrated by case 4 in which the sinuses showed involvement and the 
lungs were negative by X-ray but presented clinical signs of bronchiolitis, 
and those in cases 1, 2 and 3, showing disease in both the lower and 
upper respiratory tracts, together with the antecedent histories, lead one 
to reconstruct the genesis of the syndromes presented in somewhat the 
following manner: 

The onset in all probability is an acute generalized infection, such as 
grippe or influenza, affecting both the upper and lower respiratory tracts, 
which so lowers the resistance of these tissues that the local bacterial 
flora increases in pathogenicity and prolongs the infection. When seen 
in the early stages, as illustrated by cases 2 and 4, the patients may have 
sinus involvement, accompanied by bronchitis, bronchiolitis or broncho- 
pneumonia. Under ordinary circumstances these rapidly resolve with 
prompt nonsurgical treatment of the sinuses, such as steam inhalations 
in the very acute stages, antral irrigations, etc. Should these patients 
be permitted to go on for a number of years and the focus of infection 
remain unnoticed, pneumonic attacks with fibrosis of the lungs and bron- 
chiectasis, as in two of our cases, then ensue. Treatment of the sinuses 
often controls the cough until fresh infections evoke acute exacerbations 
of the entire preéxisting process. 

Striking analogies as regards the development of this symptom-com- 
plex are to be found in the studies of acute phases seen during the 
influenza epidemic of 1918-1919. In a clinical study of 78 cases of 
epidemic influenza presenting symptoms of asthenia, loss of weight, 
cough, occasional blood-streaked sputum, dyspnoea on exertion, and at 
times elevations of temperature, a lack of resolution of pulmonary lesions, 
as demonstrated by daily X-rays or physical signs, prevailed for as long 
as three months. 

Cases of pneumonia that came to autopsy, in which clinically no actual 
sinus involvement was suspected, showed haemorrhagic and muco- 
purulent exudates within these cavities. The sinuses most frequently 
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affected were the sphenoidal and the ethmoidals, and next in order of 
frequency were the antra. The types of bacteria recovered from the 
pneumonic lungs as well as the sinuses were pneumococci, staphylococci, 
Friedlander bacillus, haemolytic streptococci, Micrococcus catarrhalis 
and influenza bacillus. 

The association of sinus and pulmonary involvement, as demonstrated 
in our present material and that of the epidemic period, finds certain 
corroboration in the experimental work of Mullen and Ryder (1). 

Their investigations indicated that there is a partially lymphatic and 
partially vascular route, which connects the paranasal sinuses with the 
bronchi and lungs, via the submaxillary and jugular lymph nodes, the 
lymphatics, great veins, and the right side of the heart and lungs. They 
were able to show this by injecting india-ink and subsequently bacteria 
into the maxillary and frontal sinuses of cats, and by puncturing or 
wounding the mucosa so as to ensure absorption of the ink into the 
lymphatics. The carbon particles thus absorbed could be readily demon- 
strated within the lymphatics, as well as in the bronchial and mediastinal 
lymph nodes. In the case of injection of infectious material the course 
followed was the same, and was verified by repeated microscopic ob- 
servations. 

The involvement of the bronchial and mediastinal lymph nodes, 
whether infected through the general circulation or by direct extension 
from the sinuses, seems to play an important part in the production and 
continuance of peribronchial infection according to these authors. By 
virtue of their increased size, location and consequent extrabronchial 
pressure, these lymph nodes may cause retention of secretion within the 
finer bronchi, thus keeping up the infection and cough. Mullen and 
Ryder were unable to demonstrate that there was a direct lymphatic 
pathway from the lymph nodes of the neck and head to the lungs and 
pleura. Their ultimate conclusions were that the routes of infection are 
(1) lymphatic, via the route indicated and (2) bronchial, by inhalation 
of infectious material escaping into the nose from the diseased sinuses. 

In view of our clinical findings and the experimental evidence of Mullen 
and Ryder, it appears probable that lack of resolution in the lungs is 
dependent upon the persistence of the chronic sinus and upper-respiratory 
foci of infection, and possibly infected adenoids, which serve as a con- 
stant source of reinfection in the lungs. 

Similar observations have been made in children by Meader (2), Was- 
son (3), Clerf (4), and others. 
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The question as to whether any particular group of bacteria is responsi- 
ble for the persistence of these foci is highly controversial. In view of 
the variety and variability in virulence of the bacteria recovered from 
time to time no special pathogenicity can be assigned to any one organ- 
ism. ‘The predominance of one or another type of these secondary invad- 
ers is dependent upon the particular topographic locality in which it 
holds ascendency. 

Chronic sinus disease occurs in constitutionally predisposed individuals, 
who probably possess a partial immunity adequate to prevent severe 
bacterial complications on the one hand, but insufficient to check recur- 
rences on the other. ‘This is probably responsible for lack of resolution 
and the frequent exacerbation of the pulmonary lesion. 


PROGNOSIS AND TREATMENT 


The prognosis in these patients is naturally that of sinus disease. Cold 
weather and recurrent grippe may in the predisposed reactivate upper- 
respiratory disease with its associated pulmonary complications. This 
same syndrome in patients with an imbalance of the vegetative nervous 
system may induce an asthmatic state. A discussion of this phase, how- 


ever, is the subject of another communication. 

As far as treatment is concerned, neglect of sinus drainage in the early 
stages leads to hyperplastic changes in these cavities, chronic bronchitis, 
interstitial pneumonitis, fibrosis, and subsequent bronchiectasis. Nasal 
surgery at such a stage is notoriously difficult and had better be let alone. 
When advanced changes have occurred, no amount of nasal surgery will 
suffice. Local treatment, such as argyrol tamponage, antral lavage and 
change of climate to dry, warm surroundings are the only satisfactory 
means of controlling the recurrent winter cough. 


SUMMARY 


1. Studies of respiratory infections following grippe or influenza, in 13 
cases, point to a frequent simultaneous involvement of the upper (sinuses) 
and lower respiratory tract. The lesions in the lungs are characterized 
by bronchiolitis, unresolved pneumonia and bronchiectasis. 

2. Delayed resolution of pneumonic infiltrations is partly dependent 
upon the persistence of the chronic infection in the sinuses and adenoids. 

3. Improvement, characterized by disappearance of pulmonary signs 
and clinical symptoms, followed nonsurgical treatment of the sinuses in 
most of the cases but not in those having bronchiectasis. 
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4, The prognosis depends upon the early detection and treatment of 
foci of infection in the upper respiratory tract (sinuses, infected adenoids, 
etc.), which must be eradicated in order to prevent chronic progressive 
changes characterized by hyperplastic sinusitis, pulmonary fibrosis 
and bronchiectasis. Treatment at this late stage is difficult and unsatis- 
factory. Changes of climate to dry and warm localities, such as Arizona, 
etc., decrease the likelihood of recurrences. 

6. When an allergic component exists, in the form of protein hyper- 
sensitiveness, this must be eliminated before complete therapeutic 
results may be obtained. 
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THE TREATMENT OF PULMONARY TUBERCULOSIS BY 
GOLD AND COPPER SALTS 


Preliminary Note on Intracavitary Treatment! 
A. MacDOWELL? 


Part 1 
INTRAVENOUS INJECTIONS 


We are no longer to-day in the obscure position of 25 or 30 years ago when 
medical science kept itself obsessed in the discovery of signs of lesions in the 
pulmonary vertices which were considered precocious. The evolution of the 
treatments, especially of the associated ones, is notable and efficient to the 
point of arresting or healing processes which in the old days terminated in 
death.— ARrAoz ALFARO (1). 


The criterion of judging the effects of medicaments in tuberculosis 


cannot and should not be easy. A series of indisputable facts is neces- 
sary, whose regularity or importance may be compared, and which may 
be identical with or similar to those observed in maladies of specific 
treatment. It is necessary also that other factors, such as rest, sana- 
torium regimen or any other dietetic or hygienic processes, should not 
contribute to the results. Our patients are treated in an ambulatory 
located in the central part of the city of Rio de Janeiro, Brazil. They are 
either indigents or live under a condition of almost complete destitution. 
They are obliged to make long tedious trips to and from their homes 
located in the suburbs. Consequently, considering the conditions under 
which we observe our cases, the improvements noted cannot be attributed 
to hygienic-dietetic or to any other effects, but only to the action of the 
remedial agent. 

’ However, in spite of these facts, in order to determine better the effects 
of the remedies used, we always endeavor to establish the exact diagnosis 
of the localization and of the activities of the lesions, from the reinfection 


1 Read at a meeting of the National Academy of Medicine, Rio de Janeiro, Brazil, May 7, 
1931. (Some of the patients treated were presented.) 

2 Chief of the Tuberculosis Service of the General Polyclinic of Rio de Janeiro. Chairman 
of the Section on Medicine of the National Academy of Medicine, Rio de Janeiro, Brazil. 
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or superinfection of the adult to the negative anergy, observing all stages, 
assuring ourselves of the activities of the lesions considered under two 
main aspects: (1) that pertaining to actual activity, and (2) that which 
may be foreseen from the possibilities of the manifestations or in poten- 
tial activity,—everything properly checked up by clinical, anatomoradio- 
logical and humoral examinations. . 

We use gold and copper salts. Gold salts do not act chemotherapeuti- 
cally, as suggested by Ehrlich. These cannot be considered to-day as 
remedial agents with maximum parasitotropic or minimum organotropic 
action. However, they produce effects which are really worth noting. 

It is not necessary to refer in detail in this paper to the reports of Koch 
(2) and Behring (3), which preceded the appearance of gold salts which we 
use, to the theoretical principles of M¢llgaard (4) and Holger (5), Madsen 
and Mérch (6), or to the physicochemical properties of the salts and their 
action on the tubercle bacillus. We shall only occupy ourselves with the 
reactions of the human organism to gold salts and their effects on the 
manifestations of the disease according to the data obtained in the service 
of tuberculosis in our charge. 

We are certain that the original interpretation of Danish authors is no 
longer acceptable. They believed that gold salts acted by destroying 
the tubercle bacilli and that the accidents observed were due to a tuber- 
culinic shock caused by lyses of the bacilli ex masse, which appears to be 
erroneous because it can be easily verified that the accidents of auro- 
therapy in no way resemble those produced by tuberculins or by various 
antigens. On the contrary, there is a perfect analogy of them with 
metallic intoxications, which occur in the use of bismuth, mercury and 
other salts. However, even though the true healing action of gold salts 
is not known, incontrovertible facts in favor of aurotherapy in tubercu- 
losis have been verified in various countries. Even if we give the follow- 
ing no other value than that of a simple hypothesis, we will venture an 
explanation on the effects of gold salts used by us, as being salts containing 
sulphur. Taking into account the thiopexic function of the lungs and 
the réle of philothion and glutathion in the processes of oxidoreduction, 
the sulphur contained in the salts will act in the tissues as a transport 
system of reversible oxygen. It is possible that for this reason gold 
salts, acting on the local circulation, favor de-anoxemia and promote 
healing. 


* Sanocrysin, or auro-thiosulphate of sodium, of Mgllgaard, was the gold salt, and Gadusan, 
or colloidal copper morrhuate, created by Paulo Seabra, the copper salt used by us. 
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Without trying to circumscribe gold salts to predetermined indications, 
as the present tendency seems to be, even to the point of Ameuille’s (7) 
stating that he does not use them in agonal tuberculosis subjects alone, 
several cases may be mentioned in which the influence of the remedy is 
incontestable. In some cases the disappearance of large cavity-forma- 
tions takes place within a short and impressive period, as we shall pres- 
ently see by X-ray pictures, and this cannot be easily explained by a 
process of natural healing. Everyone interested in these matters is well 
acquainted with cases similar to these, and, likewise, with those manifes- 
tations of tuberculosis, acute and hyperthermic, before which the clinician 
became desperate as to its cure, while nowadays he assists in the evolution 
of a new retrogressive form heretofore unknown. Patients literally 
burning, week in and week out, with a fever of from 102.2° to 104°F., 
with accompanying toxaemia, adrenal insufficiency, and cardiocircula- 
tory symptoms, when subjected to intensive aurotherapy, overcame the 
fever regularly after each injection. Perfect parallelism can, therefore, 
be noted between the remedial action and the progressive fall of tempera- 
ture, until an improved condition is obtained, with the disappearance of 
cough, expectoration and gain in strength,—all of these confirmed by 
roentgen films, which show a complete clearing of the shadows of dissemi- 
nated tuberculous infiltration. The posology varies with every observer, 
but, in order that good results may be obtained, it is necessary to insist 
on sufficient doses used at short intervals. In the treatment of 46 cases 
in the tuberculosis division of the General Polyclinic which were carefully 
observed, serial injections were used, beginning with low doses of 0.05 
gm., 0.1 gm., 0.15 gm. at two-day intervals, followed by a series of 0.25 
gm., used also with the same spacing of time. The injections were 
applied without fixing a predetermined number, until the modification 
of the morbid process and the improvement of the cases were obtained. 
Gold salts are dissolved in a solution of CaCl, in order to prevent or 
attenuate toxic accidents. 

Even though this method of treatment consists of half-doses, it is not 
tare to observe diarrhoeic symptoms, morbilliform exanthemata with 
pruritus, mucocutaneous aurides, hyperthermia, intense focal congestions 
and albuminuria. However, it is a remedy of importance in tuberculosis 
therapy. 

With the use of copper salts the tuberculosis division in our charge 
has had a wider experience. Cuprotherapy in tuberculosis places in the 
limelight (the same as does the use of other heavy metals, such as gold, 
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magnesium, cerium, rhodium, molybdenum) the study of subjects, which 
to a certain extent, came to alter the notion of two classic dogmata of 
phthisiology,—demineralization and the increase of organic combustions. 

The réle that biochemistry plays in medicine is well known, and, for 
this reason, clinical science and pathology recognize more and more the 
importance of morphological and physiological knowledge of the indi- 
vidual terrain. Thus, at first, fever and loss of weight, the two most 
characteristic symptoms of the disease, were attributed to the increase 
of internal oxidation. Phthisis is a consumption, a burning, which 
appears to be at first sight confirmed by the examination of the respira- 
tory quotient, of basal metabolism, and by the frequency of thyroid 
disturbances before and during tuberculosis. Arguments have also been 
advanced from the so called anoxaemic method of healing; from the 
remedial action of the cyanocuprol of Koga and from cuprocian; for the 
action of these was to be found in their promotion of internal anoxaemia 
by virtue of the cyanogen radicle contained in them. After a better 
understanding of these matters, it is now believed that the rise of basal 
metabolism and of the thyroid functions are not characteristic of the 
tuberculous terrain, or that superoxidation predominates in it; on the 
contrary, such modifications appear as secondary phenomena and not as 
determining factors. 

The studies of Wells (8) on Chemical Aspects of Immunity and those 
of Delore on “acid-base factors” (9) and on “organic oxidations” (10) 
prove hypoéxidation in tuberculosis. Is it not a fortunate fact ‘that 
tuberculosis therapy has always tried to promote oxidation: abundant 
clean and pure air, light, heliotherapy, ultraviolet rays, sanatorium 
treatment, superalimentation, subcutaneous and intrabronchial injections 
of oxygen, the use of metallic salts, of morrhuic acid and of morrhuates? 
Is it not a fact that all these answer the purpose of promoting oxidation? 

The question of the fats tends also to confirm the same thesis; all of 
the ozonized and irradiated oils and codliver oil promote oxidation; 
the latter one particularly has its main advantage in its great oxidizing 
capacity, and, in addition, the molecule of this fatty substance possesses 
a certain quantity of active oxygen, which assigns to it an important réle 
incombustion. Likewise, fatty phosphatides, principally lecithin, highly 
oxidizable, play an important réle in cellular combustion, and for this 
reason it is known that humors or tissues rich in phosphatides react better 
to tuberculosis. 

Physiopathology, on the other hand, proves that hypodxidation pre- 
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disposes to this disease. Certain pathological conditions that cause 
congestions influence tuberculosis unfavorably while others stimulate it, 
such as circulatory disorders, arterial hypotonia, microcardia, pulmonary 
stenosis, mitral stenosis, anoxaemia, the anaemias, etc. Gallavardin 
(11) stated that a poorly irrigated terrain is all that tuberculosis needs for 
itsdevelopment. The circulatory factor can be determined by the vascu- 
lar obliteration in caseation. It appears that caseous necrosis is caused 
by a local anoxaemia which Wells (8) likens to anaemic infarct. Finally, 
we must bear in mind the réle of leucocytes in oxidation and the presence 
of these in the “cold” suppurations of tuberculosis. These processes 
known as “negative oxidative,’ or mononuclear, are transformed into 
““warm” suppurations, or polynuclear, with the use of agents which accel- 
erate oxidation. And further, the bacteriolysis of the germ by leucocytes 
richer in oxidases shows the beneficial effects of oxidation in antitubercu- 
losis defense, as verified by Metalnikof (12). 

We bring these considerations into discussion with the purpose of 
throwing some light on the réle of copper as a catalyzer in haemoglobin- 
formation. They also serve to call our attention to the action of copper 
salts in local or organic combustions. Copper acts in various ways in 
the rise of the haemoglobin index, as has been verified several times by 
research workers (13) of the United States, a fact which has been con- 
stantly observed in clinical practice. There are patients treated with 
copper salts who show large increases in haemoglobin. In some cases 
the rise is from 43 to 89 per cent, as verified by Galdino Travassos, 
Bentes de Carvalho and Murillo da Fonseca, of the service in our charge. 

Cuprotherapy in tuberculosis is not new, having been brought into 
prominence by the preparation created by Koga (14). Approximately 
10 years ago, Von Linden (15) and Paulo Seabra (16) experimented with 
two salts: cuprosal and colloidal copper morrhuate, respectively. It is 
not necessary to refer here to these studies, particularly to the action of 
the latter salts used by us—to the action of copper morrhuate, its chemi- 
cal nature, its characteristics of physio-hydrosol, or to its experimental 
effects. We only want to make it clear that it is a colloidal nontoxic 
preparation, which can be used in high doses without the slightest in- 
convenience to healthy or tuberculous organisms, and, consequently, it 
possesses indifferent organotropism, contrary to what Feldt (17) had 
affirmed in his reference to other copper salts. 

However, we may advance the following argument: Even if all copper 
salts were toxic, the same thing would be the case with all gold salts, 
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and these were not abandoned on this account. Aurotherapy started 
with the use of high, toxic doses to which initial tissue damage may be 
charged, while cuprotherapy, left by the wayside because of a false belief 
in the violent toxicity of all copper salts, a belief which still holds, most 
incredibly, began with small doses and progressed to the high doses used 
at present with no harm whatever. It is necessary to correct this error, 
because the archaic reference to copper’s toxicity, without mentioning the 
nature of the salts, is still found in recent publications. This traditional 
ignorance has led to the nonuse of cuprotherapy, based on the false ideas 
of the toxic action of this metal. 

However, we are well acquainted in Brazil with cuprotherapy by 
means of the salt which we use in tuberculosis. All forms of tuberculosis 
are compatible with its application,— internal pleuro-pulmonary tubercu- 
losis as well as the external or surgical forms of this disease (references 18 
to 34). The results recorded in our tuberculosis service were not en- 
couraging as far as the clinical and radiographic evolution were concerned, 
as long as small doses of 2 cc. of copper salts were used. However, certain 
humoral changes were registered, such as a rise of haemoglobin and an 
improved erythrocytic sedimentation. 

Knowing that experiments were being made with higher doses in 
Sio Paulo and in Uruguay by Clemente Ferreira (20) and by F. D. 
Gémez (32), respectively, our service requested Seabra to supply us with 
higher and sufficient doses for a wider usage of copper salts. We thought 
it of interest to find out if certain clinical and roentgen effects could not 
be traced to the small quantities of copper used. Supplied with this 
material we began the use of copper salts in high doses, in a series of 268 
pulmonary patients with various forms of internal tuberculosis, having 
used a total of 2,535 injections. We commenced with 2 cc., applied 
intravenously, and from thereon the doses were increased to 5 cc. and 10 
cc. After three injections of 10 cc., used at two-day intervals, 20 cc. 
were injected within the same space of time between injections and same 
number of injections. 

Since we were using a copper and colloidal preparation, the patients 
were observed for general and local reactions, and daily examinations of 
the urine were made in order to check up the renal apparatus. The 
clinical examination was repeated every two days and serial X-ray 
examinations were made at the beginning and end of every series of 3 
injections of 10 or 20 cc., as required. 

Toxic effects were never observed in any one of the large number of 
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patients treated with such a large number of injections; cylindruria was 
never found in urine examinations and traces of albumin were rarely 
discovered. ‘Two patients who began the treatment, and who were 
already nephritic, supported the treatment well, and no modification took 
place in their original renal condition. For lack of space, we cannot 
give here the clinical record of all of the patients treated. We will, 
however, give an account of the outstanding ones, as will be seen in 
table 1. The conditions of the patients before and after copper treat- 
ment are given in the table mentioned, so that a rapid and documentary 
examination of the results may be made. The table is headed by two 
cases of aurotherapy, and by a third in which this therapy had to be 
substituted by cuprotherapy. It should also be noted that bacterio- 
scopy and haemoglobin estimations always indicated a retrogression of 
the process. 

It goes without saying that cupro- and aurotherapy cannot be con- 
sidered as specific treatments, but both are identical in their effects 
(keeping in mind the conditions under which our observations were 
made), with the advantage in favor of copper therapy because of the 
absence of toxicity of the copper salts used. 

There are no special indications for the copper salts used. All of the 
forms of pleuro-pulmonary tuberculosis and even the acute progressive 
stages of the disease can benefit by the use of copper salts in the doses 
employed by us. We found that the optimum dosage is 10 cc., injected 
into the blood-stream every two days, beginning with 5 cc. The dura- 
tion of the treatment can only be regulated by the evolution of the 
clinical case, accompanying the treatment by serial X-ray and humoral 
examinations,—examination of the sputum, number and morphology of 
the bacilli, erythrocytic sedimentation and other tests. 

Before terminating this report on intravenous injections of copper 
salts, we desire to refer to an acute form, not found very frequently in 
ambulatory treatment; of the type which would render clinicians desper- 
ate until aurotherapy was introduced. Before the possibilities of the 
copper salts used by us were investigated, only gold salts in sufficient 
doses could control such acute manifestations of extensive pneumonic 
processes with hyperthermia, severe cardiovascular symptoms, and 
serious signs of adrenal insufficiency. Leon Bernard (35) described as a 
“new clinical spectacle” the rapid and impressive retrogression of this 
form to which we have already referred. 

The following is a short abstract which illustrates the case mentioned: 
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e 858: “Acute form” or “acute pneumonic crisis in torpid evolution;” 
granular form. Lesion of one lung (right), exudative, extensive infiltration. 
ver high, 102.2°-104°F. Symptoms: Severe, cardiocirculatory and adrenal 
ufficiency. Expectoration positive: tubercle bacilli, long, short and 


inular. Erythrocytic sedimentation: First examination, 51 minutes; after 
atment, 1 hour and 27 minutes. Treatment: Intravenous injections of 10 cc. 


copper salts performed every two days. Results: Retrogression of the 
icess in 26 days, fall of fever to normal paralleled the injections, cough and 
ectoration markedly decreased, gain in weight, similar to the case observed 
Leon Bernard with the use of gold. (Figures 23 and 24.) 
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Part 2 
INTRACAVITARY INJECTIONS! 
Preliminary Note 


The diagnostic and therapeutic problem of the cavities 1s to-dav the leadi 
subject in tuberculosis work.—F. Koester (36). 


Considering the results obtained with copper salts as shown by t 
preceding report, the known local physiopathological factors of 1! 
tuberculous evolution, and present-day therapeutic tendency which mu 
be aggressive simultaneously against the bacilli and the focus, and, fi 
thermore, taking into account the splendid and well-documented resul ‘s 
described by Aresky Amorim (25) in the local treatment of tuberculous 
adenitis by the copper salts used by us, we found reasonable the sugge:- 
tion of Paulo Seabra of treating the cavity i loco. 

After duly studying the matter, we decided on the following exper 
mental procedure: To reach the cavities of human lungs without estab- 
lishing pneumothorax, or causing serious haemorrhages, or inducing 
pyothorax by the removal of the needle from the cavitary focus. 

Experiments were performed on a dog. After the immobilization of 
the animal was obtained without local or general anaesthesia, the pleura 
was punctured, and the pleuropulmonary space was traversed, reaching 
the parenchyma, and every step in the operation was carefully observed 
by monometric oscillations. When the needle was being removed the 
same steps were made and the same oscillometric effects studied; finally 
pneumothorax was induced with large insufflations, and neither asphyxia! 
symptoms nor effusions of any nature were registered (figures 21 to 29). 
The dog continues to live in normal health. (In this experimental work 
the assistance of Robert Freire, Laurindo Quaresma and Bentes dé 
Carvalho was invaluable.) 

Two questions now arose: (1) the possibility of inducing pyothorax, a 
matter which was not settled by the experimental work, but which proved 
to be of no great importance, for the reason that in clinical observations 


4In spite of the careful bibliographic research carried out when this report was being 
prepared, the author read the communication of Ameuille and Darbois (Injection trans periétal 
du lipiodol pour l’étude du drainage pulmonaire.—Bull. et Mém. d. Hép. d. Paris, November 24 
1930, no. 31) only after his paper was read at the Academy. It will be seen, therefore, that 
priority in the use of intracavitary injections for purposes of diagnosis belongs to Ameuill« 
and Darbois. 
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this has never occurred, including the first case selected for the trial of 
the new technique (multicavitary, third degree, with consecutive effu- 
sions after pneumothorax), in which case nine intracavitary injections 
were made and no contamination of the effusions was observed; (2) the 
advisability, advantage and indications of the cavity puncture for the 
treatment of the cavitary foci at a time when the spontaneous healing of 
tuberculous pulmonary cavities is newly being studied. 

The cavity, which for a long time was the critical and decisive criterion 
in the progress of pulmonary tuberculosis, the signum mali omnis, is not 
always the result of a gradual elimination of a large caseous focus. Some- 
times its formation is rapid and takes place within a few days (Graff 
(37), Graff and Kupferle (38), Buc (39)) and even within a few hours 
(Rist (40), Ameuille (7)), the first lesion representing a primary cavity- 
formation which can only be discovered by roentgen findings and without 
clinical manifestations. Laennec (41) and Jaccoud (42) had already 
referred to such cases, the former having described them in detail. “In 
certain rare cases tubercles are found completely or almost entirely soft 
amidst perfectly crepitant pulmonary tissues, and in these cases,’’ Laen- 
nec (41) remarks, ‘‘of which I found four or five in 24 years, the walls of 
the cavities are smooth and appear to be formed only by pulmonary tissue 
with no accidental membrane.” 

Present-day study of the pathogenesis of pulmonary tuberculosis in 
the adult shows that there is a pneumonic process, anatomically analogous 
to common pneumonia, reproducing all of the histological forms of true 
pneumonia and only differing in its evolution. The process varies in 
density, from a slight condensation to massive hepatization of tissue, and 
is always determined by the presence of acid-resisting bacilli, with no 
secondary microbism. After the primary or essential lesion of pulmonary 
tuberculosis occurs (which commences by diffused alveolitis), tuberculous 
follicles appear which may retrogress or fuse. The successive manifesta- 
tions, that is, the repetition of such histopathological processes, with 
extinct perifocal reactions, form the classical cavity. The walls are 
already formed, fibrous, more or less thick (3rd degree of Jaquerod) 
with an inner layer of a pyogenic membrane with granulations or small 
suppurating ulcers (stage of secondary microbism), sometimes multi- 
locular, and communicating with one or more bronchi, usually dilated, 
which elongate the cavities and serve as drainage. 

The disappearance of the cavities varies in accordance with their 
degree; some disappear rapidly, spontaneously or with treatment, while 
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others persist during many years till death. In clinical practice, it is. 
therefore, necessary to classify and distinguish them for adequate treat- 
ment. Many are the tendencies and various the methods of cavity- 
classification. Graff (37), who takes an extreme view, denies the spon- 
taneous healing of cavities, and asks whether the admission or acceptance 
of such healing does not serve to set aside surgical intervention, with the 
object of instituting other treatment. We believe, however, that it is 
advisable to classify the state and degrees of the cavities. 

In the German Congress of Tuberculosis in 1927, Bacmeister and 
Schmincke (43) classified the cavities in accordance with the allergic 
conditions of the patients and progressive tendency of the foci. Wohlers 
(44), of Turban’s old sanatorium, proposes to group them together in 
accordance with the mechanical conditions that predominate when they 
are in a process of retrogression. In this classification, however, he 
fails to include the cases which can be cured with persisting cavities, a 
rare clinical cure that is denied by anatomopathologists. 

Thus, we have the following classification: (1) cavities whose walls do 
not offer a resistance stronger than the forces of compression, and with a 
tendency to collapse by the extension or hypertrophy of the pericavitary 
pulmonary parenchyma; (2) cavities whose adjacent pulmonary tissue 
can be distended or dislocated; (3) cavities which are not flexible to 
continuous traction, whether due to physical exertion or to adhesions, 
more frequent in the course of pneumothorax. In short, cavities with 
soft walls, cavities of recent formation and cavities with sclerosed walls, 
originating in old processes with fibrous or semicartilaginous investment, 
which keeps them open, and with persisting suppuration more or less 
abundant, fluid and greenish-yellow, as in the case of the patient in whom 
the intracavitary injections were first used. 

Jaquerod (45) classifies the evolution of cavity lesions into three stages. 
The first degree is characterized roentgenographically by an image of 
circular form that is not well-shaped, and whose centre is not very clear, 
and clinically by the absence of expectoration. It is the first stage of the 
eliminatory process of the caseous focus which has not yet been entirely 
destroyed. The second stage is characterized by an annular image, well- 
shaped and circumscribing a clear space, and by mucopurulent sputum 
with bacillosis. The cavity is formed by soft pulmonary tissue with 
recent tuberculous infiltration. The third stage is represented by a 
classical circular cavity of large dimensions occupying sometimes an 
entire lobe. 
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With this classification of cavity lesions, we shall now see how the proc- 
ess of healing develops. This takes place in three different ways: (a) 
healing with cavity persisting, (b) by cavity obstruction, and (c) by 
disappearance of cavity-formation. 

We have already seen how cavities of first and second degree may 
disappear, and we shall now refer to the retrogressive process of third- 
degree cavities. Up to the present this can only be obtained by the 
corrugation of the walls, cyst-formation, obstruction by calcareous 
deposit, or by total fibrous transformation of the infected region. 

Of all of the mechanisms of healing, the fibrocartilaginous transforma- 
tion or purely fibrous is the most frequent; in some cases by compact 
fibrosis of the entire lobe (the so called “cicatricial lobitis’’); in others, by 
the fibrothorax of Vincenti or total fibrous transformation of the lung. 
An important fact emphasized by anatomopathologists in these cases is 
the bronchial obstruction. Is this obstruction primary; or, on this 
account, will the collapse of the region and consequent fibrosis be primary 
likewise; or is it secondary, due to sclerosis of the affected region? This 
is an open question of great therapeutic import, for we know that when a 
bronchus is accidentally obstructed by a foreign body, atelectasis takes 
place in the lobe, and that it retracts and finally becomes atrophied and, 
transformed into fibrosis. From this we can realize the importance of 
this fact to pulmonary surgery. Just recently H. Edel (46) and Kersch- 
ner (47) proposed the obturation of the vena pulmonalis in its ramifica- 
tions, with the object of causing atrophy and pulmonary fibrosis. It 
should also be borne in mind that the great retractive capacity of the 
pulmonary tissue promotes speedy regeneration, as Brauer (48) verified 
in a case of nontuberculous pulmonary gangrene; and, therefore, it is 
logical and reasonable to help nature in its healing process when such 
help is indicated, especially since in certain cases of spontaneous healing 
the cavity is the first lesion of pulmonary tuberculosis discovered, re- 
maining solitary for a long time, and isolated in a normal parenchyma. 
Being, therefore, a local process, and compatible with excellent conditions 
of health, though active and secreting, bacilliferous, always menacing, 
it demands, consequently, a more active treatment, instead of placing too 
much trust in the gamble of natural healing. 

No matter how uncertain the direct treatment of the cavities may 
appear to be, due to difficulties, almost insuperable, which have obtained 
up to the present time, it should be given a fair trial now that we have a 
technique relatively simple and of easy application. Rist (40) wrote 
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that there is a natural mechanism by which the human body tries to 
dominate tuberculosis: then, why not help it specially in its fight against 
the foci of disease? This reasoning led to our resolution to treat the 
cavities or ulcerations by pulmonary intracavitary injections. Weaim at 
two things: (1) to help or promote the local processes of oxidoreduction 
in the cases of cavities of the first and second degrees with the aid of 
appropriate remedial agents,—we use copper morrhuate in our cases; and 
(2) to promote the obstruction of the draining bronchi in the cavities of 
the third degree by irritation produced by the large remedial masses (10 
cc. and 20 cc. of copper salts), injected at one time as we have done in 
all cases, without the slightest inconvenience or difficulty. 

The technique is simple, the following material being required: two 
or three Tuffier needles, 0.9-mm. gauge, 10, 12 and 15 cm. long, and 
two syringes, one of 2 cc. and another of 10 cc., the former for aspiration 
and the latter for the injection of the substance. After the puncture is 
made, and the penetration of the needle into the cavity is ascertained by 
immediate radioscopy, the pulmonic air is aspirated as a second proof to 
make certain that the needle is in the proper place. Then the remedy is 
injected. When the substance reaches the cavity, it usually produces a 
coughing crisis of short duration and a little haemoptoic sputum. The 
introduction into the thorax is made by the posterior route explored by 
Sauerbruch, or by the anterior, which has been done several times. 

The first patient subjected to the first intracavitary injection was 
interned in a hospital, after he had volunteered to lend himself to the 
experiment. In this first trial we resorted to the surgical ability of 
Robert Freire who practised the first injection. The localization of the 
cavities (which is performed as in the cases of foreign bodies found in the 
lungs), and the radioscopic control under which the injections are prac- 
tised, have all been made by Laurindo Quaresma, a tireless and valuable 
collaborator. 

The attempt to medicate the tuberculous lung locally is not new. 
Thirty years ago Gluck (49) injected carbolic acid and iodoform-glycerine 
directly into the pulmonary apices with the object of destroying the 
bacilli. Doyen (50) tried to open and drain the cavities. Nowadays 
indirect therapy (improperly called intrapulmonary) is current, artificial 
pneumothorax being its main weapon, which many a time does not suc- 
ceed in inducing a complete collapse, the cavities remaining open, as in 
the case of the patient in whom the new technique was first tried out. 

Still among these indirect therapeutic processes we have pneumolysis, 
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trapleural and other thoracoplasty, grafting of adipose tissue, the 

‘thod that Vaccareza and Martinez (51) mentioned recently in which 
t .e technique of Garcia Vincente (52) is followed, the attempts made to 
at pulmonary gangrene by intratracheal injections of gomenol, the 
chnique of Sicard and Forestier (53) for the roentgenographic broncho- 
;ulmonary exploration by lipiodol, and the osteointraparenchymatous 
afting after the method of Robertson Lavalle (54). This latter is not 
»erformed in the cavity but in the tissue of the pulmonary infiltration, 
ith the purpose, according to this author, of instituting permanent 
rainage, releasing the tissues, so to speak, and, we may add, by promot- 
ig the circulation of oxygenized blood in the affected zone, and thereby 
»Iping the processes of oxidoreduction which promote improvement and 
covery. 

Many have been the techniques suggested, among which we may men- 
tion intercricothyreoideal puncture and permanent tracheofistulization 
by the transglottic route under tracheobronchoscopic control, with the 
purpose of washing or cleaning the lungs. 

At any rate, the technique for pulmonary intracavitary injections 
hich we suggest appears to be different, much more simple, more accu- 
rate and certain, and does not offer greater danger than any other so far 
suggested. Suffice it to say that the patients are treated while standing, 
in an ambulatory, facing the screen, without anaesthesia, and the whole 
peration does not take more than five minutes. 

It is evident that it is advisable to select the cases, to separate clinically 
and roentgenographically the cases with spontaneous retrogressive 
tendency (something, which, by the way, can never be done with cer- 
tainty), from those who carry in the cavity a permanent and secret 
menace. 

Finally, to use it, as is the case with all of the excellent recourses of 
resent day tuberculosis therapy, the physician as well as the patient 
lust avail themselves of a large measure of patience and optimism. 

It may be that this method can be used in future also in the treatment 
{ pulmonary abscess and gangrene. 

As regards its contraindications or inconveniences, we observed nothing 
orth noting, except that emotional patients might not be suitable. 
carely, when the parenchyma is punctured or a large bronchus is trav- 
rsed, the patients emit a little haemoptoic sputum which disappears 
rithin a few hours. 

From the results obtained we cannot draw any conc.usions, consider- 
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ing the short period of time the patients have been observed, who, wit 
the exception of no. 790, whose condition improved and who left th 
city, continue under treatment and observation. However, in order t 
produce some documentary information concerning the new techniqu 
we have made a resumé of the cases, and annex roentgen-ray picture 
of the experiments on the dog and of the cases in which intracavitar 
injections have been used. Also, we submit some schematic illustratio: 
showing the retrogressive process of the cavities as drawn from seri: 
roentgenographic data. 


Abstracts of Cases Selected for Intracavitary Injections 


Case 347: Diagnosis: Far-advanced pulmonary tuberculosis involving bot) 
lungs. Slight constitutional symptoms, minimal intestinal disturbances, 
rapid loss of weight, elevation of temperature, 100.4°-100.2°F., and accelera- 
tion of pulse with average 96-110 per minute. Abundant expectoration. 
Tubercle bacilli present, numerous, long and granular. Right: Extensively 
ulceroexudative. Left: Slightly exudative. (Figure 30.) With the improve- 
ment of the intestinal disturbance, pneumothorax was established (figure 31), 
causing a favorable pleural effusion, which was rich in antigens and anti- 
bodies as shown by the analysis. 

In spite of slight improvement of the general condition, the fever continued, 
as well as the expectoration, abundant, greenish and purulent. Therefore, 
since it was not possible to continue with the collapse, we decided to inject 
copper salts in two cavities present, of the third degree, and fixed by adhesions. 
Eight intracavitary injections were made of 2, 5, 10, and 20 cc., successively, 
and the remaining four of 10 cc. of the same remedy at variable intervals. 
(Figures 32 to 37.) Results: Fall of the fever; expectoration changed to 
mucoid white; bacilli disappeared. General condition improved, gain in 
weight. Haemoglobin increased from 40 to 70 per cent. Erythrocytic 
sedimentation: 50 minutes,—remained stationary. 


Case 879: Diagnosis: Far-advanced pulmonary tuberculosis, involving both 
lungs with cavities. Right: Ulceroexudative, two cavities of the third degree 
(figure 38). Left: Slightly exudative. No constitutional disturbances, slight 
lassitude. Fever averages 99.5°-100.4°F. Pulse averages 80-96 per minute. 
Expectoration positive. Tubercle bacilli, granular, long and short. Haemo- 
globin 68 per cent. Erythrocytic sedimentation 46 minutes. Treatment: 
Three successive intracavitary injections of 10, 20 and 20 cc. 


Case 790: Diagnosis: Far-advanced pulmonary tuberculosis, involving both 
lungs with cavity. Right: Ulceroexudative, cavity-formation third degree. 
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/ ft: Exudative, subclavicular and apex. No constitutional disturbance. 
~ ght lassitude and nervous irritability. Moderately febrile, no loss of weight. 
" emperature averages 98.6°-100.4°F. Pulse averages 80-90 per minute. 
] xpectoration positive. Tubercle bacilli, granular, long and short. Haemo- 
»bin, 80 per cent. Erythrocytic sedimentation, 1 hour. Treatment: Three 
« ccessive intracavitary injections of 5, 10 and 20 cc. Results: The patient 
i aproves and leaves the city (Rio de Janeiro). (Figures 39-42.) 


rR 


ise 802: Diagnosis: Far-advanced pulmonary tuberculosis, involving one 
lings with cavity. Left: Ulceroexudative, apex, subclavicular, at onset; 
J.ter, extensive infiltration toward third, half and base. No constitutional 
cisturbance. Slightly febrile, 98.6°-100.5°F. Pulse averages 86-100. Ex- 
pectoration positive. Tubercle bacilli, long and granular. Haemoglobin 
5 percent. Erythrocytic sedimentation, 2 hours and 20 minutes. Treatment: 
in view of the progressive tendency of the cavity, second degree, its direct 
treatment was decided upon. Five successive injections were made: one of 8 
cc. and four of 20 cc. of the copper salt. In spite of the fact that the infiltration 
extended, involving the rest of the lung, the cavity retrogressed, as shown by 
roentgen-ray pictures (figures 43-48) and by schematic illustrations (figure 49). 
At present the condition of the patient is apparently arrested; last physical 
examination revealed signs of clearing in both lungs; bacilli disappeared from 
the sputum; temperature is normal with increase in weight and strength, and 
retrogression of the parenchymatous infiltration. 


SUMMARY 


1. In indigent tuberculous subjects treated in a tuberculosis dispen- 
sary, a real therapeutic action of gold and copper has been verified. It 
has been found that copper is identically efficacious as with gold but with 
none of the latter’s dangers. 

2. In dispensary work it is possible to inject the copper salt used by us 
directly into the pulmonary cavities without accident, following the 
technique used regularly in the tuberculosis service in our charge. 
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Fic. 25. SHowrnc NormMat Luncs oF Doc USED IN THE EXPERIMENTAL WORK BEFOR 
NEEDLE WAS INTRODUCED 


Fic. 26. TUFFIER NEEDLE, 0.9-mM. GAUGE, PENETRATING INTO THE PLEUROPULMONAR' 
SPACE OF THE Doc 


Fic. 27. NEEDLE REACHES THE PARENCHYMA 
Fic. 28. NEEDLE PENETRATES DEEPLY INTO THE PARENCHYMA 
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c. 29. Doc AFTER 650 cc. oF AIR (FORLANINI) WERE INTRODUCED IN Two OPERATIONS 
Picture taken eight days later. Note pneumothorax and complete absence of pleural 
ision. 


;. 30. CAsE 347. PictURE TAKEN JANUARY 30, 1930, WHEN THE PATIENT REGISTERED 
AT THE DISPENSARY 
. 31. CAsE 347. SHOwING CONDITION OF THE LUNGS AT THE TIME WHEN IT WAS DECIDED 
TO TREAT THE CAVITIES in loco 
Fic. 32. Case 347. PicrURE SHOWING PROFILE TAKEN AT THE TIME OF THE FIRST 
INTRACAVITARY INJECTION 
Note how the needle penetrated from the bottom up, reaching only the outer section or 
imber of the cavity but in which the remedial substance reached both chambers or sections 
ming two different levels. 
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Fic. 33. Case 347. PicturE TAKEN IMMEDIATELY AFTER THE FIrst INTRACAVITARY 
INJECTION 


Note level of the remedial substance paralleled that of the pleural effusion. 


Fic. 34. Case 347. PicruRE TAKEN AFTER THE 3RD INJECTION 


Note needle and remedial substance inside of the cavity, also marked clearing of t 

parenchyma comparing this figure with fig. 31. 
Fic. 35. CASE 347. SAME AS PRECEDING ONE BUT SHOWING PROFILE 

Note needle reaching the inner section or chamber of the cavity. The level of the medi: 

substance injected is the same in both sections or chambers of the cavity. 
Fic. 36. CASE 347. PictuRE TAKEN AT THE TIME OF THE 4TH INJECTION 

Note level of the substance in the cavity paralleled level of the effusion which fills up \ 
higher space. It is of interest to note how the effusion is divided into different sections whi 
makes paracentesis difficult. Note clearing or cleanliness of the left lung comparing this wi 


fig. 31. 
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lic. 37. Case 347. SAME AS THE PRECEDING ONE BUT WITH THE PATIENT LYING DOWN 


Note level of the remedial agent in two cavities as well as the level of the pleural effusion, 
paralleling the vertebral column. 


Fic. 38. Case 879. PRESENTING Two LARGE CAVITIES IN THE RIGHT LUNG 


Note level of the remedial agent injected in the base of the upper cavity. 


;. 39. Case 790. Five cc. OF THE REMEDIAL AGENT WERE INJECTED INTO THE CAVITY 
OF THE RIGHT LUNG 


Fic. 40. SAME CASE. FIFTEEN CC. INJECTED 
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Fic. 41. Same CAsE; 20 cc. INJECTED 
Fic. 42. RoENTGEN PIcTURE TAKEN IMMEDIATELY AFTER THE PRECEDING ONE, BUT WITH 
THE PATIENT LYING DOWN 
Note the level of the liquid in the cavity paralleling the vertebral column. 
Fic. 43. CASE 802. CoNnpITION OF THE CAVITY WHEN TREATMENT WAS INITIATED 
Fic. 44. Case 802. PicrurE TAKEN AFTER THE 2ND INJECTION, 20 cC., OF THE REMEDI 


AGENT WuicH Was Not RETAINED AS IN FORMER CASES DUE TO THE EXISTENCE 
IN THIS ONE OF A BRONCHUS PERMITTING EAsSy DRAINAGE 


Note pericavitary infiltration caused by the remedy injected. The process progress: 
to the base. 
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Fic. 45. Case 802. Picture TAKEN IMMEDIATELY AFTER THE 3RD INJECTION 


The tuberculous process progressed at the base in spite of the retrogressive tendency of 
the cavity. 


Fic. 46. Case 802. ArFrreR 4TH INJECTION 


Note progress of the fibrosis around the cavity whose size decreases. 
Fic. 47. 802. AFTER 5TH INJECTION 
»te further diminution of the cavity as well as the retrogression of the tuberculous process. 
Fic. 48. Case 802. Ficures 43 AND 47 SUPERIMPOSED FOR COMPARISON - 


Note the extent to which the cavity retrogressed, the area reclaimed having been filled 
by pericavitary fibrosis. 
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CASE 790 


CASE 802 


4-5-31 17T-5-31 


15-4-31 22-4-31 
20 CCS 


20 CCS 20 CCS 20 CCS 


Fic. 49. SCHEMATIC REPRODUCTION IN NATURAL SIZE OF THE CAVITIES IN CASES 790 AND 8 
WHICH WERE TREATED LOCALLY 


Pictures taken at a distance of 3 metres from the X-ray 
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i. Die Aetiologie der- Tuberculose. 
nets der physic ethen hate 


gebaltene 


Rebert Koch, 


Die von Villemin gemaehte Entdeckung, dass die Taber- 
lose auf Thiere Gbertragbar ist, bat bekanntlich vielfache Be- 
stitigung, aber auch anscheinend wohlbegrindeten Widerspruch 
cefunden, so dass es bis vor wenigen Jabren unentschieden 
bleiben musste. ob die Taoberenlose eine Infectionskrankheit col 
der nicht. Seitdenr haben aber die zuerst von Cohn in 
und Salomonsen, spater von Baumgarten ausg 
Impfungen in die vordere Augenkammer, ferner die Inhalations- 
versuche von Tappeiner und Anderén die Uebertragbarkeit 
der Tuberculose gegen jeden Zweifel sicher gestelit und es muss 
ibr in Zukunft ein Platz unter den lofectionskrankheiten an- 
gewiesen werden. 
Wenn die Zabl der Opfer, welche eine Krankheit fordert, 
als Massstab fiir ihre Bedeutung zu gelten hat, dann miissen 
alle Krankheiten, nameotlich aber die gefirchtetsten Infections- 


_krankheiten, Pest, Cholera u. s. w. weit hinter der Tuberculose 


zuriickstehen. Die Statistik lehrt, dass ", aller Menschen an 
Tubercalose stirbt und dass, wenn nur die mittleren productiven 
Altersklassen in Betracht kommen, die Tuberculose cin Drittel 
derselben und oft mehr dahinrafft. Die dffentliche Gesundheits- 
pilege hat also Grund’ genng, Aufmerksamkeit einer so 
mérderischen Krankheit za widmen, ganz abgesehen davon, 


dass noch andere Verbaltnisse,’von denen nur die Beziehungen 
“der Tubereulose zur Perlsacht erwibnat werden sollen, das Inter- 


esse der Gesundbeitspfiege in Ausprach nehmen. 

Da es nun zu den Anfgaben des Gesundheitsamtes gehdrt, 
die Infectionskrankheiten vom Standpankte der Gesundbeits- 
pflege ans, also in erster Linie in Bezug auf ihre Aetiologie, 
zum Gegenstand von Ermittelungsarbeiten zn machen, so er- 
sebien es als eine dringende Pflieht, vor Allem fiber die Tuber- 
culose eingehende ‘Untersuchungen anzustellen. 

Das Wesen der Tuberculose za ergrinden, ist schon wieder- 
helt versucht, aber bis jetzt ohne Erfolg. Die sam Nachweis 
der pathogenen Microorgauismen so vielfach bewabrten Farbungs- 
methoden haben dieser Krankbeit gegenfiber im Stich gelassen 


Problem 
sei meinen Untersuehangea fiber die > 
mich anfangs auch der bekannten Methoden bedient, ohne 
mit eine Aufklarang dber das Wesen der Krankheit erlang 
Aber durch einige gelegentliche Beobachtungen wurde ich da: 
veraniaest, diese Methoden zn verlassen und andere Wege ei 


op. die } gitiver cuttaten 


parasitisel 
nerweise als Krankheit 
ursache gedeutet werden kepnten, Dieser Nachweis gelan; 
auch in der That darch ein bestimmtes Farbungaverfahren, m 
Hilfe dessen in allen tuberculés yerfnderten Organen characte- 
ristisehe, bis dahin nicht bekannte Bacterien za finden waren 
Es wiirde zu weit fibren, den Weg, auf welchem ich zu diesem 
neuen Verfahren gelangte, za schildern und ich will deswegev 
sofort zur Beschreibung desselben ibergehen. 

Die Untersuchungsebjecte werden in der bekannten, fi 
Untersuchungen auf pathogene Bacterien fiblichen Weise, vor 
bereitet und entweder auf dem Deckglas ausgebreitet, getrockne 
und erhitzt, oder nach Erhartung in Alkoho! in Schoitte zerlegt 
Die Deckglaschen oder Schnitte gelangen in eine Farblosung 
yon folgender Zusammensetzung. 200 Cem. destillirten Wassers 
werden mit | Cem. einer concentrirten aleobolischen Methylen- 
blau-Lisung vermiseht, nmgeschittelt und erhalten dann unter 
wiederholtem Schitteln noch einen Zusatz von 0,2 Cem. einer 
i0*, Kalilauge. Diese Mischung darf selbst nach tagelangem 
Stehen keinen Niederschlag geben. Die zu firbenden Objecte 
bleiben in derselben 20 bis 24 Stunden. Darch Erwarmen der 
Farblésung auf 40° C. im Wasserbade kann diese Zeit an 
', bis 1 Stunde abgekdrzt werden. Die Deckglaschen werder 
hierauf mit einer concentrirten wassrigen Losung von Vesavir 
welche vor jedesmaligem Gebrauche zu filtriren ist, Gbergosser 
und nach ein bis zwei Minuten mit destillirtem Wasser ab- 


gespalt. Wenn die Deckglaschen aus dem Methylenblaa kommen 
' sieht die ihnen anhaftende Schicht dankelblaw aus and ist stark 
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THE AETIOLOGY OF TUBERCULOSIS! 


DR. ROBERT KOCH? 
A Translation by 
BERNA PINNER anp MAX PINNER 
With an Introduction by ALLEN K. Krause 


INTRODUCTION 


This twenty-fourth of March marks the fiftieth anniversary of the 
announcement of the discovery of the tubercle bacillus. Not for medical 
annals alone is this a red-letter date. As the discoverer, Robert Koch, 
himself states near the end of this perfect original medical paper whose 
translation follows: Science herself was enriched when for the first time 
there was brought forward ‘“‘the complete proof of the parasitic nature of a 
human infectious disease, and this of the most important one”—tuber- 
culosis. With Laennec’s Traité de l’auscultation médiate and Ville- 
min’s Etudes sur la tuberculose, this Die Aetiologie der Tuberkulose com- 
pleted the tripod supporting modern medical method as this scours the 
great field of infectious diseases. 

Can any corner of human endeavor match so complete, so perfect, so 
relentless a record of achievement, so rapid and uninterrupted a march 
from obscurity to universal fame as displayed by Koch in the six years 
1876 to 1882. One April day in the former year a country doctor from 
East Prussia seeking Ferdinand Cohn, Monarch of Botany, in his den at 
the nearest university city of Breslau; not quite five years later, secure 
and on his own throne, new-made for him in an Imperial Bureau in the 
capital, Berlin, attracting a youthful éite afire to learn the new science; 
and now, one late-March day in 1882, making his announcement before a 
notable audience. Just before Koch emerged from Posen, Cohn, in 
writing his great work on botany, had scrapped what was then known 
about bacteria into the nondescript genus of Chaos: when, in almost a 
trice and out of a most unexpected source, was born a new science, Bac- 


1 According to a paper read before the Physiological Society in Berlin, March 24, 1882, 
and from the Berliner klinische Wochenschrift, 1882, xix, 221. 
2 Regierungsrat im Kaiserl. Gesundheitsamt, Berlin. 
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teriology. Stone by stone the builder raised his structure, year by year 
the new science took on form and fullness: from the cause and nature of 
anthrax in 1876; to the smear-preparation and staining methods of 77; 
the parasitic excitants of wound infection in ’78; and then the crowning 
and astonishing plate-isolation method to signalize his assumption of the 
reins on Luisenstrasse in 1881. Already had been forged the tools to 
lay bare the gonococcus (Neisser, 1879), the pneumococcus (Sternberg, 
1880), the typhoid bacillus (Eberth, 1880), the glanders bacillus (Loef- 
fler, 1882)—bacteria of disease, as Koch put it, falling into his and his 
pupils’ laps “like ripe apples from a tree.’”’ On his first trip to Breslau 
he had met Weigert, Cohnheim’s associate, and the former’s young 
cousin, Paul Ehrlich; and Ehrlich was doing a little more than play with 
aniline dyes, whose possibilities had long intrigued his pathologist- 
cousin Weigert,—he was making thin smears of blood on cover-slips and 
staining these to study the cells. So the stage was set for from Weigert 
to Ehrlich to Koch; and we follow the chain from Weigert’s methylene- 
blue and Ehrlich’s thin heat-fixed smears to Koch’s stained smear-prep- 
arations, to demonstrate those early pathogenic bacteria. Gelatine, 
solid and transparent, was the culture medium, streaked with the material 
to be studied. And until 1882 these simple methods, fortified now by the 
plate-isolation process, promised to disclose the causes of all infectious 
diseases. 

Then Koch struck a snag. 

He began the search for the cause of tuberculosis in the year 1881. 
He got busy on known tuberculous tissues with his trusty ordinary me- 
thylene-blue, and saw—nothing; that is, nothing that might be imagined 
to be an adventitious product—a germ; no round dots as in wound infec- 
tions and gonorrhoea, nor rod-like particles as in typhoid fever and an- 
thrax. But, supreme adapter and borrower that he always was, he 
soon has recourse to again a Weigert tissue-stain method: he ‘‘fortifies”’ 
his methylene-blue stain with potash, dips in the mixture a fresh section 
of tissue, and now, first of mankind, beholds within the blue background 
of tissue elements the fine blue streaks that by this time had come to 
mean “germs.” Thus ended step number one, the demonstration of 
something extrinsic to tissue and its degradation products, the pre- 
sumption that Koch was gazing at the physical cause of consumption. 
The perfection of this first step, the refinement of the method by adding 
a counterstain, Bismarck-brown, was a mere detail to be worked out 
presently. 
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Now for the next step,—the separation from the morbid tissue of this 
observed physical interloper,—the isolation of the germ; and, next, its 
purification and growth and cultivation in pure form, entirely outside 
its natural abode, animal tissues, and apart from these; and its identifi- 
cation, when carried through generations of extrazoédtic existence, as 
the same element that dwelt in disease processes in a natural state. 

Here too a snag. 

Gelatine, the good old standby for ordinary germs did not work. Gela- 
tine, treated with crushed materials of proved stainable fine-rod content 
yielded nothing. Could then these blue rods represent living reproduc- 
ing adventitious parasites? Were they really the images of the agents 
of infection? Villemin’s, Cohnheim’s, Klebs’s, Gerlach’s, Chauveau’s 
experiments had left hardly a doubt that a parasite was at work in 
consumption. But how to get it out? 

Again the supreme adapter gets to work. In the paper, whose trans- 
altion follows, Koch says little or nothing about using other men’s 
methods—a scientific peccadillo of omission that was somewhat charac- 
teristic of him,—one that indeed became rather a habit, much though he 
might call the roll of other workers whose efforts had resulted in failure. 
This paper tells in detail the story of the part played by inspissated blood- 
serum in the successful hunt for tubercle bacilli. The reader must not 
get the idea that the ready recourse to blood-serum as a medium was a 
genius-born flash from out the void. Koch had ample qualities of scien- 
tific greatness, and few seekers in fields biological have equalled him in 
devising method. But of that “genius” that arouses ideas of sheer 
originality, of visions of heretofore undreamed-of relations, of acute 
insight into phenomena never before imagined, there is hardly a trace 
in Koch’s record. The stuff that made Pasteur,—the flash from within, 
for instance, that shed a new light on crystals that hundreds of other 
men had long gazed upon with just ordinary vision,—was not wont to 
emanate from Koch. They say that even the fundamental observation 
that led to the plate-isolation method was not Koch’s. The story is 
that it was his wife who first called his attention to the development of 
pigmented spots arising on food left out and exposed to the open air, 
and thus suggested the day-by-day growth of colonies from single germs 
settling down from the atmosphere on nutritive material. In a way, 
Koch was an Edison rather than a Newton. To exalt Pasteur cannot 
diminish Koch’s stature by a millimetre. For bacteriology and medical 
science the really great thing is that in the same decade this world set 
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to work on essentially the same great problem three complementary 
scientists of extraordinary facility in gaining, each his particular ob- 
jective, what had balked hundreds of great investigators before—Lister, 
Pasteur and Koch. 

In blood-serum Koch took over a medium that had been devised and 
used by John Tyndall, famous British (Irish) physicist, whose interests 
had drawn him into the then still lively though age-long controversy over 
spontaneous generation,—abiogenesis versus biogenesis. Old as philos- 
ophy itself as a subject for speculative inquiry and issuing into scientific 
experimentation two centuries before through observations on visible 
fly’s eggs and their resulting maggots, the ever-fresh dispute had now 
got down to its last stand via stunts on lowliest forms of life—the invisible 
germs which were beginning to make a great noise in scientific circles. 
And, in order to catch or not to catch these minutest particles of living 
matter, Tyndall had been exposing surfaces of coagulated serum to the 
atmosphere that circulated at varying altitudes of the Alps. There can 
be no doubt that Koch knew of Tyndall’s work and methods,* and that, 
when his hitherto infallible gelatine failed him, he lost no time in “‘borrow- 
ing” Tyndall’s medium for his own quest—a perfectly legitimate pro- 
cedure, and, as it happened, a transaction with keen insight behind it. 

Blood-serum worked. ‘“Inoculated’’ surfaces displayed minute points 
of roughening; here was the cue for Koch; he touches one of the rough 
points with a platinum needle, transfers to a slide the material clinging 
to the needle, makes a smear, stains, and with the microscope sees gra- 
cile blue rod-like forms that looked exactly like the fine particles which 
he had now so often seen in tuberculous products and had come to think 
of as the probable cause of consumption. The further developments of 
step two were again matters of mere detail,—the continuance of original 
cultures, the transference of material to fresh tubes and the obtaining 
of successive subcultures, up to the stage where he could successfully 
meet the scientific criticism and objection that were bound to be hurled 
at him: that is, that these growths of blue-staining particles need not be 
the germs of tuberculosis, that they might just as well be some incidental 
by-product of tuberculous morbid processes, and that the actual creator 
of the disease could just as well be some undisclosed thing—some invisi- 
ble “essence”’ that Koch had carried over from his diseased tissues to his 
first culture-tubes, and there encouraged its development and powers of 


* It should be remarked that in his later and better known essay in 1884 (mentioned toward 
the end of this Introduction) Koch does give credit to Tyndall’s use of blood-serum. 
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virulence by incubation. The further Koch could carry his growths of 
germs away from their original source—animal tissues—the more cer- 
tain must it be that he was in possession of the separated and isolated 
cause of phthisis,—that is, provided these far-removed and artificially 
bred particles were capable of arousing characteristic tubercle upon their 
introduction into tubercle-free animals. 

Which remained the next hurdle to clear, and to which Koch immedi- 
ately applied himself. In the paper that follows this third step is rela- 
ted in all its details. This presentation of proving the virulence and 
specific effect of those first tubercle bacilli stands for all time as a model 
of perfect scientific procedure. Simply, without a single unnecessary 
word or detail, Koch moves from the general to the specific with a surety 
that is devastating. We can well imagine as assembling in 1882 an 
audience whose members, for the most part scientists, pathologists, biol- 
ogists, themselves, have come primed with any and all kinds of dis- 
concerting questions with which they intend to trip the speaker at the 
conclusion of one of the most important medical demonstrations ever 
made. ‘‘Wunderbar wenn wahr, aber kann es wahr sein,” must have been 
the mental attitude of perhaps the majority of his hearers,—assuredly 
of those who were not Koch’s pupil-workers and associates, and espe- 
cially of those who had for years been fighting the battle for the more 
logical cause of the duality of phthisis: and, late as 1882, the scientific 
world was full of the latter. Names, still great to-day in medicine, that 
had been built up through years—a half-century perhaps—of marshal- 
ling and strengthening and polishing the arguments pro a sharp separa- 
tion of phthisis from tubercle, as they set out for that notable meeting of 
fifty years ago, were not planning to yield their every telling point and 
most cherished belief to any single recital that must show them as life- 
long wanderers in a desert wilderness of error. Of this we may be cer- 
tain. Where indeed is the man, whose main repute,—life’s work,—has 
been wrapped up in maintaining and fortifying a dogma of belief, who 
at a first stroke can generously admit this to have been a life in pursuit 
of a false scent? Before Koch put “finis’” to the first phase of his hunt 
for the cause of consumption, he must have realized this situation, and, 
accordingly, the necessity that he go before that first hypercritical and 
largely unsympathetic audience with a series of experiments, pyramided 
without a flaw and complete to the last essential detail. He must avoid 
Villemin’s mistake,—an incompletely buttressed first report. He dared 
not run the risk of making an announcement imperfect or assailable at a 
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single point, and then, as in Villemin’s case, waste the next ten or fifteen 
years in fighting through his great discovery. With thoughts of this 
kind in mind, the student had well make himself letter-perfect in famil- 
iarity with this original paper of Koch’s, and especially that part which 
recites the step-by-step proof of the specificity of the tubercle bacillus. 


_ As, through the years, new workers learn where Koch’s famous an- 
nouncement was made, they are wont to ask why in the world, of all 
places, should this have been the Berlin Physiological Society. Why a 
physiological rather than, say, a pathological society? Surely, if at the 
time there had, as yet, existed no association of bacteriologists, then 
some such organization as the Berliner pathologische Gesellschaft or one 
for infektidse Krankheiten or innere Krankheiten would appear the logical 
and natural body to receive and comment on the great discovery. 

The reason is known. It sprang from Virchow’s attitude on phthisis 
and its nature. The Pooh Bah of Pathology, and indeed of world 
medicine, was then in no mood to listen to proof that consumption, 
tuberculosis, scrofulosis, Perlsucht, were the product of essentially one 
and the same specific agent;—much less was he ready to lend a hand 
toward encouraging heresy aimed at dogma that, more than anyone on 
earth, he himself had formulated and imposed upon medical thought. 
For thirty years and more he had ingrained the latter with the duality of 
phthisis and the nonspecificity of consumption and tuberculosis, which 
must, according to him, be regarded as two separate, though commonly 
associated, morbid processes. Originally (again according to Virchow) 
Villemin had run far astray on a false trail; brilliant and correct though 
the French savant’s experiments had been, his interpretation of them was 
born of delusion and ended in self-deception. Unconvincing even was 
the scintillating finishing touch to Villemin’s work delivered only three or 
four years back by Cohnheim, whose rising star in pathology had begun 
to emit gleams that bade fair in no long time now to dim the radiance of 
the Old Man himself. How intense, how prejudiced, how blinded was 
Virchow’s belief in his old war-horse of medical controversy may be 
gathered from the fact that, as late as 1902, when, full of years and 
every honor that a man of medicine can accumulate, he passed on to 
eternal peace, he could not reconcile himself to the idea of the all-em- 
bracing and unified cause of that appalling diversity of effect that 
tuberculosis comprehends. How brilliant an example have we here of 
what must happen when the best logic runs afoul of the fact turned up 
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y a new method,— how completely will this type of fact demolish the 
raightest and tightest reasoning from wrong or insufficient premises! 
(ow enlightening should Virchow’s career in tuberculosis be to the 
eker after truth! 

At any rate Koch spoke his piece under odd auspices because the more 
atural sponsors of such an occasion were in scientific vassalage to the 
oughtiest opponent of all that a tubercle bacillus was going to mean in 


Fic. 2. From a rare cabinet photograph of Koch in 1890 


vathology and medicine. Virchow dignified the meeting of the physio- 
ogical society by his presence, and was second in interest only to the 
speaker. All eyes sought his figure and watched his play of expression, 
is every hearer speculated also on what was to be Virchow’s rejoinder 
vhen the Chairman, after its presentation, would put Koch’s paper be- 
ore the house for discussion. There sat the protagonist of dualism, 
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alert for the opening in young David’s armor—pitifully so-——we may be 
sure. What he heard was blow after blow resounding upon, first, tl 
outerworks of dualism’s castle of argument, impregnably erected an 
reinforced through the years. Koch’s recital of his first steps migl 
sound ominous,-—yet these could be successfully, or at least plausibh 
defended; for had not Virchow and his cohorts held the fort against n 
dissimilar charges from Villemin down to Klebs and Baumgarten 
But the real test would come when Koch got down to reproduction « 
disease and specific effect, and here display the same flaws as ever 
predecessor had laid open to the resourceful enemy. 

We have already spoken of that perfect piece of experimental metho 
as executed by Koch, to prove that his first cultures were really the caus 
of tuberculosis,—that third step that was to be the ‘“‘clincher’’ of hi 
demonstration. On his audience the effect was stunning. The address 
soon over after this, Koch’s hearers sat there spellbound,—so fascinate: 
indeed that the story is that they forgot, or at any rate failed, to applaud 
After a tense silence the Chairman called for the ‘“‘discussion;” but o 
discussion there was none. For the first time in the history of the societ} 
no auditor arose to offer at least perfunctory comment. Of criticism, 
there could be none. Who of that gathering was capable of voicing ad 
verse opinion of so crystal-clear and convincing an exposition of a new 
thing come into mortal ken. Every eye instinctively turned toward 
Virchow as qualified to discuss Koch’s achievement. One may suppose 
that the general feeling might well be that the recital almost demanded 
some sort of an explanation from Virchow. But the Lion of Pathology 
had nothing to say. For once he maintained silence, even though the 
fortress of dualism had come tumbling down, and, as time showed, lay 
ruined forever. 


As a stroke of work, a tour de force, the discovery of the tubercle bacillus 
marked the pinnacle of Koch’s career. The invention of the plate-iso- 
lation method may, as many have thought, been greater in gross results. 
For one thing, it vulgarized the new science of bacteriology. It put into 
everyone’s hands a method of utmost simplicity, and applicable to the 
disclosure of the causes of infectious diseases without end. Combined 
with the smear-preparation and staining methods, taken over from 
Ehrlich by Koch in 1877, it furnished every student the means of sailing 
the uncharted seas of bacterial effect with accuracy, and with security 
in making port. Within a few years Koch had snatched the vast hidden 
world of bacteria from the ‘‘Chaos” to which hopeless Professor Cohn 
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ad once consigned them. Bacteria now stood revealed or revealable, 
ragged from out the darkness in which for ages they had lurked and 
urried on their furtive and disastrous work, to the bewilderment, con- 
ernation and despair of mankind. From.time immemorial bacteria 
ad driven mankind backward,— into hocus-pocus, charms and incan- 
ition. To strip them of their mystery, to drag them into the light, to 
sar them from their loathsome sores and festered tissues and confine 
1em nakedly in test-tubes, to put them to work for man’s enlightenment 
nd benefit, was a long stride forward in civilization. And this advance 
1ankind will ever owe to one individual man,— to Robert Koch. Such 
vork as his converted incense-burning priests into sure-eyed ministers 
f health. No other single physician’s work has ever done more to 
livest mankind of its barbarian’s habits of thought and action. Nor, 
in fifty years after Koch’s inventions, have we advanced further than the 

threshold of their possibilities. 

Yet, as a piece of work the successful hunt for the cause of consumption 

must outrank the invention of the plate-isolation method and take first 
place among Koch’s accomplishments. We had said that Koch began 
this task in 1881. In perhaps hardly a year later he could read the scien- 
tific paper that follows here in translation. Scientific workers, upon 
learning this circumstance, have never ceased to marvel about how such 
a really Herculean labor could have been performed in so short a time 
and with such élan and perfection. The man of experience realizes that 
the experiments related here constitute only the outline, the skeleton, 
of all the varied trials and observations that Koch must have made. 
We know too that the tubercle bacillus is among the slowest-growing of 
bacteria and that abundantly developing cultures can hardly be ex- 
ected under three weeks,—even in these days of vastly improved and 
pecial methods, the scientist is puzzled when contemplating the vast 
eld swept clean by Koch in a year or less. To be remembered also is 
he fact that Koch spent some time, however short, in trial of his older 
tandard methods before giving them up as unsuitable, and that he had 
‘ttle to guide him to short cuts when he turned toward the study of 
isease relatively new and unperfected methods that had been applied 
y other men to other purposes. 

Some paragraphs back we had a few words to say about Koch and 
genius.” We made bold to deny to Koch a certain type of “‘genius,’’— 
ie type perhaps that the term most commonly connotes. Having in 
1e intervening pages developed further the theme of Koch and his 
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achievement, we may now be permitted a partial recantation of our de- 
nial. A closer insight into the scientific paper here presented suggests 
that there was displayed in the work described an element of genius, 
and that had this genius not been brought into play the work would have 
failed. It is possible that Koch might have employed the same stains, 
the same media, the same sure hand and keen insight, the same clear 
procession from stage to stage, the same perfect interpretation of his 
observations, and still have failed to find and fish out the tubercle bacil- 
lus, had he not brought to bear, at a critical point in his work, a su- 
premely important quality if the work was to turn out successfully. At 
the time he could not have foreseen the relentless necessity of this quality 
though, as events unrolled and took on their proper perspective in the 
past, he must have become aware of this necessity in shaping the success 
that crowded his efforts. 

The stroke of ‘“‘genius’’ that saved Koch’s experiments from failure 
was his practice, at exactly the right time and place, of the homely 
quality of patience. Until Koch set out to isolate and cultivate the 
tubercle bacillus, he had never come across a germ that would not appeai 
visible to the naked eye within two or three days after the implantation 
of material within the culture-tube. With such an experience of five 
years or more behind him, it is thinkable that practically every man, 
Koch included, would have arrived at the general idea that bacteria were 
relatively rapidly growing forms of life which from single germs would 
heap up into noticeable colonies within a very few days of their localiza- 
tion at a favorable site, and, further, that a failure to do so would denote 
their absence in any material under scrutiny. 

But, though Koch did not know it at the time, here again, as in stain- 
ing capacities and in favorable media, the tubercle bacillus is a “‘different”’ 
kind of germ. Those forms of it that cause disturbance in man and other 
mammals will take nearer two or three weeks than as many days after 
removal from tissues to first come to view in cultures. Accordingly, at 
the expected time after planting his first tubes of blood-serum, Koch 
saw nothing significant astir in his tubes. Even at the end of the first 
week these tubes remained as unchanged as the day he “inoculated” 
them. One can well imagine the anxious and despairing heart of the 
eager investigator who first faced this issue. 

In this original paper of his discovery Koch mentions and emphasizes 
that colonies of tubercle bacilli are not accustomed to become visible 
until well along in the second week of their cultivation. As a matter of 
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ict, the time varies a good deal; and the story goes that Koch’s first 
uccessful tube did not display the least sign of growth until after the 
wentieth day. It is here, in the extraordinarily long interval between 
lanting and “‘sprouting,” that Koch’s ‘“‘genius”’ as an investigator under- 
ent its supreme test. 

Given the same circumstances—the same pioneer quest, the same 

mited knowledge of possibilities, the same imperfection of initial media 

and the view is almost compelling that only the rarest of investigators 
ould have maintained the prolonged and heartbreaking vigil for the 
arliest ‘‘showing through” of minutest particles that belonged, as yet, 
nly to the shadowy realm of a “working hypothesis.” Few, if any 
ave Koch, would have been the men who would not, days before, have 
cored the continuing appearance of blank sameness and inaction to 
another failure and have cast the tubes aside,— later to write a thor- 
oughly able paper on how, if tuberculous products do harbor living 
agents of disease, these will not grow on a medium of blood-serum. 

But Koch waited; though, to anyone’s knowledge, there was nothing 
in past experience to suggest that the passing of time held the key to the 
resolving of Koch’s “‘set-up.”’ And in waiting, he won out. It was 
patience, and patience alone that saved the day for Koch. In the cir- 
cumstances Patience may indeed be exalted to genius, and thus, though 
remotely so, justify the famous definition of the crabbed Sage of 
Chelsea. 

In appraising the full stature of this labor of Koch’s we must also bear 
in mind several other particulars that make the marvel all the greater. 
These days of 1882 were long before the time when glycerine was to 
become a component of every standard medium for the cultivation of 
tubercle bacilli. Glycerine was not introduced until 1887, when Nocard 
and Roux resorted to it, in order to prevent the drying out of the media, 
which, because of the tardy growth of tubercle bacilli, increased greatly 
‘he difficulties of successful cultivations. Nor in 1882 were the cotton- 
lug stoppers sealed tightly with paraffine as another aid in retaining the 
noisture of the media.* Under such conditions that favored drying, 
ailures to cultivate the bacilli were many, and a high porportion of 
atisfactory growths of tubercle bacilli became one of the severe technical 
ests of a competent bacteriologist. 
* Figure 7, reproduced from Koch’s essay of 1884, well illustrates the practice of the time 


n stoppering culture-tubes. The cotton-plugs are merely inserted without any effort at 
nusually tight and impervious sealing. 
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The translation that follows is of Koch’s original paper, published only 
few weeks after the historic meeting of the Berlin Physiological So- 
sty. It represents what was first publicly and officially announced 
mcerning the discovery, and is confined to the bare essentials of this 
‘table event. There is little in the form of an English translation that 


Fic. 4. Koch’s monument over his grave in the Institut Robert Koch in Berlin. 


s available and the REVIEW esteems itself most fortunate in being able 
0 present to its readers this excellent rendition by Doctor and Mrs. 


inner. 
The better-known paper, under the same title, did not appear until 
wo years later, when, in 1884 a greatly expanded dissertation on the 
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tubercle bacillus was published as the leader in the second volume o 
the Mittheilungen aus dem Kaiserlichen Gesundheitsamte. Here is Koc! 
at his best once more, and with a wealth of additional facts on the tube: 
cle bacillus gathered during the two-year interval, as well as with acut 
prophecies galore, many of which entered into the scientifically grounde 
tuberculosis lore of the years that followed, while some remain still to b 
substantiated. This is one of the really great classics of medical liter: 
ture. On the following pages is reproduced its front cover, as well « 
copies of several of the numerous telling illustrations that, as insert« 
plates, adorn the conclusion of the volume. This volume of the M: 
theilungen contains also a few other papers by associates of Koch th: 
have become standard and famous, notably those by Gafiky and Loefile 
ALLEN K. KRAUSE 


Villemin’s discovery that tuberculosis is transmissible to animals ha: 
as is well known, found varied confirmation, but also apparently well 
grounded opposition, so that it remained undecided until a few years ag 
whether tuberculosis is or is not an infectious disease. Since then, how 
ever, inoculations into the anterior ocular chamber, first performed by 


Cohnheim and Salomonsen, and later by Baumgarten, and furthermor 
the inhalation experiments done by Tappeiner and others have estab 
lished the transmissibility of tuberculosis beyond any doubt, and in 
future tuberculosis must be classed as an infectious disease. 

If the number of victims which a disease claims is the measure of its 
significance, then all diseases, particularly the most dreaded infectious 
diseases, such as bubonic plague, Asiatic cholera, etc., must rank far 
behind tuberculosis. Statistics teach that one-seventh of all human 
beings die of tuberculosis, and that, if one considers only the productive 
middle-age groups, tuberculosis carries away one-third and often more o! 
these. Public hygiene has therefore reason enough to devote its atten- 
tion to so destructive a disease, without taking into any account that stil! 
other conditions, such as the relations of tuberculosis to Perlsucht, engag« 
the interest of Public Health. 

Since it is part of the task of the Gesundheitsamt to investigate infec- 
tious diseases from the point of view of public health, that is, primarily as 
regards their aetiology, it seemed an urgent duty to make thorough stud- 
ies on tuberculosis particularly. 

There have been repeated attempts to fathom the nature of tuberculo- 
sis, but thus far without success. The so frequently successful staining 
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nethods for the demonstration of pathogenic microérganisms have failed 
in regard to this disease, and, to date, the experiments designed to isolate 
and cultivate a tubercle virus cannot be considered successful, so that 
Cohnheim, in the recently published and newest edition of his lectures on 
general pathology had to designate “the direct demonstration of the 
tuberculous virus as a still unsolved problem.” __ 

In my studies on tuberculosis I first used the known methods without 
elucidating the nature of the disease. But by reason of several incidental 
observations I was prompted to abandon these methods and to follow 
other paths which finally led to positive results. 

The aim of the study had to be directed first toward the demonstration 
of some kind of parasitic forms, which are foreign to the body and which 
might possibly be interpreted as the cause of the disease. This demon- 
stration became successful, indeed, by means of a certain staining proc- 
ess, which disclosed characteristic and heretofore unknown bacteria in all 
tuberculous organs. It would take us too far afield to tell of the road by 
which I arrived at this new process, and I shall therefore immediately 
give its description. 

The objects for study are prepared in the usual fashion for the examina- 
tion for pathogenic bacteria. They are either spread on the cover-slip, 
dried and heated, or they are cut in sections after being hardened in alco- 
hol. The cover-slips or sections are put in a staining solution of the fol- 
lowing formula: 200 cc. of distilled water are mixed with 1 cc. of a con- 
centrated alcoholic methylene-blue solution, and with repeated shaking 
0.2 cc. of a 10 per cent potassium-hydrate solution is added. This mix- 
ture should not produce a precipitate even after standing for several days. 
The objects to be stained remain in it from 20 to 24 hours. By heating 
the staining solution to 40°C. in a water-bath this time can be shortened 
to from one-half to one hour. The cover-slips are then covered with a 
concentrated aqueous solution of vesuvin, which must be filtered each 
time before use and rinsed after one to two minutes with distilled water. 
When the cover-slips are removed from the methylene-blue the smear 
looks dark blue and is much overstained, but upon the treatment with 
vesuvin the blue color disappears and the specimen appears faintly brown. 
Under the microscope all constituents of animal tissue, particularly the 
nuclei and their disintegration products, appear brown, with the tubercle 
bacilli, however, beautifully blue. With the exception of leprosy bacilli, 
all other bacteria which I have thus far examined in this respect assume 
a brown color with this staining method. The color contrast between the 
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brown-stained tissue and the blue tubercle bacilli is so striking, that the 
latter, which are frequently present only in very small numbers, are 
nevertheless seen and identified with the greatest certainty. 

Sections are treated quite similarly. They are transferred from the 
methylene-blue solution into the filtered vesuvin solution, in which they 
remain from fifteen to twenty minutes, and are then rinsed in distilled wa- 
ter until the blue color has disappeared and a more or less distinct brown 
stain remains. They are then dehydrated with alcohol and cleared in 
oil of cloves, and are either at once microscopically examined directly 
in this fluid or are finally embedded in canada-balsam. In these prepara- 
tions the tissue constituents appear brown and the tubercle bacilli a 
vivid blue. 

Incidentally, the bacteria can be stained not only with methylene-blue, 
but they take also other aniline dyes, with the exception of brown dyes, 
under the simultaneous action of an alkali; but their staining is not so 
beautiful by far as with methylene-blue. In the staining process men- 
tioned the potassium-hydrate solution can be substituted by sodium hy- 
droxide or ammonia water, from which one may conclude that the potas- 
sium does not play an essential réle, but it is the strongly alkaline reaction 
of the solution which counts. This is further confirmed by the fact that 
a stronger addition of potassium will stain bacteria in such places where 
a weaker potassium solution fails. But the tissues in sections shrink and 
change so much under the influence of stronger potassium solutions that 
the latter are only exceptionally of advantage. 

In several respects the bacteria made visible by this process exhibit 
a characteristic behavior. They are rod-shaped, and they belong to the 
group of bacilli. They are very thin and one-fourth to one-half as long 
as the diameter of a red blood-corpuscle, although they may sometimes 
reach a greater length,—up to the full diameter of an erythrocyte. In 
shape and size they bear a striking similarity to leprosy bacilli. They 
are differentiated from the latter by being a bit more slender and by 
having tapered ends. Further, leprosy bacilli are stained by Weigert’s 
nuclear stain, while the tubercle bacilli are not. Wherever the tubercu- 
lous process is in recent evolution and is rapidly progressing, the bacilli 
are present in large quantities; they usually form, then, densely bunched 
and frequently small braided groups, often intracellular; and they present 
at times the same picture as leprosy bacilli accumulated in cells. In addi- 
tion, numerous free bacilli are found. It is particularly at the margin of 
larger caseous foci that there occur practically only shoals of bacilli which 
are not enclosed in cells. 
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\s soon as the height of tubercle-development is passed the bacilli be- 
me rarer, and occur only in small groups or quite singly, in the margin 
the tuberculous focus and side by side with weakly stained and some- 
nes hardly recognizable bacilli which are presumably dying or dead. 
nally, they may disappear completely; but they are but seldom entirely 
sent and, if so, only in such places in which the tuberculous process has 
ne to a standstill. 


Fic. 5. Oneof Koch’s tissue sections from caseated bronchial lymph node of case of miliary 
verculosis. Radially disposed bacilli in giant cell. Koch’s colored plates show the bacilli 
rilliant blue rods set in a background of all other elements stained brown by vesuvin. 


[f giant cells occur in the tuberculous tissue the bacilli are by predilec- 
mn within these formations. In very slowly progressing tuberculous 
cesses, the interior of giant cells is usually the only place in which 
cilli are to be found. In this case the majority of giant cells enclose 
e or a few bacilli; and it produces a surprising impression to find re- 
itedly in large areas of the section groups of giant cells, most of which 
itain one or two tiny blue rods in the centre, and within the wide space 
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enclosed by brown-stained nuclei. Frequently, the bacilli are seen only 
in small groups of giant cells, sometimes only in single cells, while sim: 

taneously many other giant cells are free from them. Then, by their si7» 
and position, the bacilliferous cells are recognized as the younger one;, 
while those free from bacilli are the older ones; and it may be assumed th: t 
originally the latter also enclosed bacilli, which have died or changed ini o 
a resting state, soon to be mentioned. Analogous to the formation «{ 
giant cells around foreign bodies, such as vegetable fibres and strongy|: ; 
eggs, observed by Weiss, Friedlander and Laulamié, it may be assum: | 


Fic. 6. Another tissue section from miliary tubercle in lung. 


that the bacilli, acting as foreign bodies, are enclosed by giant cells; there- 
fore it seems justifiable to assume that, even when the giant cell is found 
empty while all other features indicate processes as tuberculous, the gian 
cell was formerly the host of one or several bacilli, and that the latter ha’ 
been responsible for their formation. 

The bacilli are also observable unstained in unprepared specimens. 
For this it is necessary to take a little material from such places as conta’! 
considerable numbers of bacilli, for example, from a gray tubercle froin 
the lung of a guinea pig, dead of inoculation tuberculosis. This materi 
must be examined after the addition of a little distilled water or, prefer- 
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bly, blood-serum, and best in a hollow slide, in order to avoid streaming 
in the fluid. The bacilli appear then as very fine rods which show only 

,olecular, but not the slightest trace of intrinsic movement. 

Under certain conditions to be mentioned later the bacilli form spores 
ven in the animal body. Individual bacilli contain several, usually 2 to 
spores, oval in shape, and distributed at even intervals along the entire 
‘ngth of the bacillus. 

In regard to the occurrence of bacilli in the various tuberculous mani- 
sstations in human beings and animals it has been possible to examine 
he following material thus far: 

1: From Human Beings: Eleven cases of miliary tuberculosis: The 

vacilli never failed of demonstration in miliary tubercles of the lungs; 
‘requently, however, they could not be found any more in those tubercles 
whose centre no longer stained with nuclear dyes. However, they were 
then still present, and all the more numerous, in small groups in the mar- 
gin of the tubercle and in younger nodules as yet without central casea- 
tion. They were demonstrable, also, in miliary tubercles of the spleen, 
liver and kidneys, and quite numerous in the gray nodules of the pia mater 
in basilar meningitis. The caseated bronchial lymph nodes which were 
examined in several cases contained, in part, dense shoals of bacilli and 
among them many spore-bearing ones. Tubercles, embedded partly in 
the lymphoid tissue with a central giant cell surrounded by epithelioid 
cells, showed some tubercle bacilli within the giant cells. 

Twelve cases of caseous bronchitis and pneumonia (in 6 cases cavity- 
formation): The presence of bacilli was usually limited to the margin of 
the caseously infiltrated tissue, where several times, however, they were 
very numerous. Also, within the infiltrated portions of the lung one 
occasionably encounters nests of bacilli. In most cavities the bacilli are 
abundant, and the well-known small caseous particles in the cavity con- 
tents consist almost completely of bacillary masses. Among those 
hacilli found in soft caseous foci and in cavities there were, now and then, 
numerous spore-bearing bacilli. 

In larger cavities the bacilli occur mixed with other bacteria. However, 
hey were easily distinguishable because, with the staining-method men- 
ioned, only tubercle bacilli stain blue while other bacteria assume a 
‘rown color. 

One case of solitary tubercle in the brain, larger than a hazel-nut: The 
aseous part of the tubercle was enclosed by a cellular tissue in which 
vere embedded many giant cells. Most of these did not contain any 
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parasites, but here and there were encountered groups of giant cells, eac! 
of which contained one or two bacilli. 

Two cases of intestinal tuberculosis: In tuberculous nodules which wer 
grouped around the intestinal ulcers, the bacilli were demonstrable wit! 
particular ease. Here again they were predominantly numerous in th 
youngest and smallest nodules. In the mesenteric lymph nodes of thes 
two cases bacilli were present in great numbers. 

Three cases of freshly excised scrofulous lymph nodes: In only two o 
them could bacilli be demonstrated in giant cells. 

Four cases of fungoid arthritis: In two cases separate small groups c 
giant cells contained bacilli. 

2. From Animals: Ten cases of Perlsucht with calcified nodules in th 
lungs, in several cases also in the peritoneum and once on the pericardium: 

In all cases bacilli were found predominantly within giant cells in the 
tissue surrounding the calcareous masses. The distribution of the bacilli 
is most frequently so even that among numerous giant cells there is 
hardly one which does not contain one or several bacilli, and sometimes 
as many astwenty. In one of these cases the bacilli could also be demon- 
strated in the bronchial lymph nodes and in a second case in the mesen- 
teric lymph nodes. 

Three cases in which the lungs of cattle contained, not the well-known calci- 
fied nodules with knobby surface, as usually seen in Perlsucht, but smooth- 
walled, spherical nodes, filled with a thick, cheesy material: Usually this 
form is not regarded as tuberculosis but is interpreted as bronchiectasis. 
In the neighborhood of these nodules were found giant cells containing 
tubercle bacilli. 

A caseated cervical lymph node from a hog likewise contained the 
bacilli. 

Large amounts of tubercle bacilli were found in the organs of a chicken 
dead of tuberculosis, both in tubercles in the bone-marrow and in the 
peculiar large lymph nodes of the intestines, the liver, and the lungs. 

Of three monkeys which had died spontaneously of tuberculosis, the 
lungs, spleen, liver and omentum, all studded with innumerable nodules, 
and the caseated lymph nodes were examined; and bacilli were found 
everywhere in the nodules or in immediate proximity to them. 

Of spontaneously diseased animals, nine guinea pigs and seven rabbits 
were examined; all showed bacilli in the tubercles. 

In addition to these cases of spontaneous tuberculosis, I could avai! 
myself of a not inconsiderable number of animals which had been infected 
by inoculation with the most varied tuberculous materials: as, for in- 
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ance, with gray and caseated tubercles from human lungs, with sputum 
om consumptives, with tuberculous masses from spontaneously diseased 
ionkeys, rabbits and guinea pigs, with masses of calcified or caseated 
sions from Perlsucht in cattle, and finally with material from lesions 
btained by animal-passage. The number of animals so infected 
mounted to 172 guinea pigs, 32 rabbits and 5 cats. In the majority of 
hese cases the demonstration of bacilli had to be limited to the examina- 
ion of tubercles in the lungs which were always present in large numbers. 
[ere bacilli never failed to be found: frequently they were extraordina- 
ily numerous, and sometimes spore-bearing, but in some preparations 
mly a few yet unmistakable individual forms were observed. 

Considering the regularity of the presence of tubercle bacilli it is strik- 
ing that so far they have not been seen by anyone. But this is explained 
by the fact that the bacilli are extraordinarily small formations, and are 
usually so scanty in number, particularly when their occurrence is limited 
to the interior of giant cells, that for this reason alone they are not 
detectable by the most attentive observer without the use of quite specific 
staining-reactions. When present in larger numbers, they are mixed with 
a finely granular detritus, and obscured by it in such a manner that their 
visualization is made difficult in the highest degree. 

Incidentally, there exist some reports about the finding of microdrgan- 
isms in tuberculous tissue. For example, Schiiller, in his paper on scro- 
fulous and tuberculous arthropathies, mentions that he has constantly 
found micrococci. Just as the very small motile granules which were 
found in tubercles by Klebs, these micrococci are undoubtedly some- 
thing entirely different from the tubercle bacilli seen by me, which are 
nonmotile and rod-shaped. Furthermore, in the first issue of his patho- 
logical reports Aufrecht states that, besides two different types of micro- 
coccus, he has seen short, rod-like formations whose length was twice 
their breadth. He saw these rods in the centre of tubercles in three of a 
series of rabbits which he had infected with Perlsucht and tuberculous 
material. But tubercle bacilli are at least five times as long as they are 
thick, and often much longer yet in relation to their thickness; further- 
more, in cases of uncomplicated tuberculosis they never occur mixed with 
nicrococci or other bacteria in the tubercles. For this reason it is ex- 
‘remely unlikely that Aufrecht saw the real tubercle bacilli; had he done 
s0, he would then have necessarily démonstrated their occurrence in 
human tubercles and in lungs with Perlsucht, and he could not have 
escaped noticing the conspicuous relationship between the bacilli-and the 
viant cells. 
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On the basis of my numerous observations I consider it established that 
in all tuberculous affections of man and animals, there occur constant; 
those bacilli which I have designated tubercle bacilli and which are dis 
tinguishable from all other microdrganisms by characteristic properties 
However, from the mere coincidental relation of tuberculous affection 
and bacilli it may not be concluded that these two phenomena have : 
causal relation, notwithstanding the not inconsiderable degree of likeli 
hood for this assumption that is derivable from the fact that the bacill 
occur by preference where tuberculous processes are incipient or pro 
gressing, and that they disappear where the disease comes to a standstil! 

To prove that tuberculosis is a parasitic disease, that it is caused by th 
invasion of bacilli and that it is conditioned primarily by the growth an: 
multiplication of the bacilli, it was necessary to isolate the bacilli from th: 
body; to grow them in pure culture until they were freed from any disease 
product of the animal organism which might adhere to them; and, by 
administering the isolated bacilli to animals, to reproduce the same mor- 
bid condition which, as known, is obtained by inoculation with sponta- 
neously developed tuberculous material. 

Disregarding the many preliminary experiments which served for the 
solution of this task, here again the finished method will be described. 
Its principle rests on the use of a solid transparent medium, which re- 
tains its solid consistence at incubator temperature. The advantages of 
this method of pure culture which I have introduced into bacteriology I 
have explained in detail in an earlier publication. That the really com- 
plicated task of growing tubercle bacilli in pure culture was achieved by 
this method is to me a new proof of its efficiency. 

Serum from sheep- or cattle-blood, separated as pure as possible, is put 
into test-tubes closed with a cotton stopper and heated every day to 58°C. 
for six subsequent days. It is not always possible to sterilize the serum 
completely by this process, but in most cases it suffices. Then the serum 
is heated to 65°C. during several hours, or sufficiently long for it to be just 
coagulated and solidified. After this treatment it appears as an amber- 
yellow, completely transparent or only slightly opalescent, solid, jelly-lik: 
mass; and after several days at incubator temperature it must not shov 
the slightest development of bacterial colonies. If the heating exceeds 
75°C. or if it lasts too long, the serum becomes opaque. In order to ob 
tain a large surface for the preparation of the cultures the serum is solidi 
fied in test-tubes slanted as much as possible. For those cultures in 
tended for direct microscopical examination the serum is solidified in fla‘ 
watch-crystals or in small hollow glass blocks. 
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Upon this solidified blood-serum, which forms a transparent medium 
that remains solid at incubator temperature, the tuberculous materials 
aie applied in the following manner: 

The simplest case in which the experiment is successful is presented, 
a most without exception, when an animal which has just died of tubercu- 
|. sis, or a tuberculous animal which has just been killed for this purpose, is 
a. one’s disposal. First, the skin is deflected over the thorax and abdo- 
nen with instruments flamed just before use. With similarly prepared 
s issors and forceps, the ribs are cut in the middle, and the anterior chest- 
yall is removed without opening the abdominal cavity, so that the lungs 
ave to a large extent laid free. Then the instruments are again exchanged 
for freshly disinfected ones, and single tubercles or particles of them, of 
tie size of a millet-seed, are quickly excised with scissors from the lung 
tissue, and immediately transferred to the surface of the solidified blood- 
serum with a platinum wire, which has been melted into a glass rod 
which must be flamed immediately before use. Of course, the cotton 
stopper may be removed for only a minimal time. In this manner a num- 
ber of test-tubes, about six to ten, are implanted with tuberculous mate- 
rial, because, with even the most cautious manipulation, not all test-tubes 
remain free from accidental contamination. 

Lymph nodes in a state of incipient caseation are as well suited for this 
experiment as are pulmonary tubercles; less so, however, the pus from liq- 
uefied lymph nodes which usually contains very few bacilli or none at all. 

The direct isolation of bacilli from tuberculous human organs or 
from lungs with Perlsucht is more difficult. Objects of this kind, 

whose excision from the body I could not attend to with all the pre- 
cautions just mentioned, I have washed carefully and repeatedly with 
a solution of bichloride of mercury, and have then removed their super- 
ficial layers with flamed instruments and taken the substance for inocula- 
tion from a depth which putrefactive bacteria had presumably not yet 
invaded. 

The test-tubes, provided with tuberculous substance in the described 
nanner, are kept in the incubator at a constant temperature of 37° or 
'8°C. In the first week no noticeable alteration occurs. If some change 
loes occur and if, already during the first days, bacterial growth develops, 
tarting from the inoculation material or even remotely from it and 
preading, and appearing usually as whitish-gray or yellowish drops, and 
ften liquefying the solid serum, then one is dealing with contaminations 
ind the experiment has failed. 

Cultures that result from a growth of tubercle bacilli do not appear 
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to the naked eye until the second week after the seeding, and ordinari! 
not until after the tenth day. They come into view as very small point 
and dry-looking scales. Depending upon whether the tuberculous m: 
terial was more or less crushed in seeding and whether it was brought int 
contact with a large surface of the medium by rubbing motions, tl 
colonies surround the explanted bit of tissue in smaller or larger area 


Fic. 7. A culture-tube of Koch’s early tubercle bacilli on blood-serum 


If only very few bacilli were present in the inoculum it is hardly possibl 
to free the bacilli from the tissue and bring them into immediate contac‘ 
with the medium. In this case the colonies develop in the fragment 
of explanted tissue; and one sees, if the tissue is transparent enough (fo: 
example, in bits from scrofulous lymph nodes), dark points in transmittec 
light and white points in direct light. 
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With the aid of a 30- to 40-times magnification one can perceive the 
| .cterial colonies as soon as toward the end of the first week. They ap- 
| -ar as very neat spindle- and usually S-shaped or similarly curved forma- 
t ons, which consist of the well-known most tenuous bacilli when spread 
c 1a cover-slip, and stained and examined with high magnifications. Up 
ta certain degree their growth proceeds for a period of 3 to 4 weeks, 
«; they enlarge to flat scale-like bits, usually not reaching the size of a 
»ppy seed, and lie loosely on the medium, which they never invade or 
juefy. Furthermore, the bacillary colony forms such a compact mass 
t iat its small scale can easily be removed with a platinum wire from the 
svlidified blood-serum as a whole, and can be crushed only upon the 
application of a certain pressure. The exceedingly slow growth which 


Fic. 8. A plate-isolation culture of Koch’s tubercle bacilli,—interesting as showing the 
glass or porcelain boxes with flat plane covers that were first employed. 


carr be obtained only at incubator temperature, and the peculiar scale- 
like dry and firm texture of these bacillary colonies are not met with in 
any other known bacterial species, so that it is impossible to confuse 
cultures of tubercle bacilli with those of other bacteria; and, even with but + 
little experience, nothing is simpler than to recognize accidental contami- | 
nations of the cultures immediately. 

As mentioned, the growth of the colonies is finished after a few weeks; 
end a further enlargement does not occur, because the bacilli are devoid 
©’ any intrinsic motility, and because they are moved along the medium 
c ily by the process of growth, which, on account of the slow multiplica- 
t on of the bacilli, may, of course, occur within very small dimensions 
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In order to keep such a culture going, it is necessary to transplant it 
a new medium some time after the first seeding, approximately after 1\) 
to 14 days. This is done by removing a few scales with the flamed pla 
inum wire and by transferring these into a fresh test-tube of steriliz 
coagulated blood-serum, where they are crushed on the surface of t! 
medium and spread as widely as possible. Within the same interv 
there again develop scale-like, dry masses, which coalesce and, dependi: 
upon the extent of their seeding, cover a larger or smaller part of t! 
surface of the blood-serum. In this manner are the cultures continued. 

The tubercle bacilli can also be cultivated on other nutritive medi , 
provided the latter possess properties similar to those of the solidific | 
blood-serum. For example, they grow on agar-agar, which remaiis 
solid at incubator temperature and which contains an addition of mea'- 
infusion and peptone. But on this medium there take form only amor- 
phous small crumbs, and never, as on blood-serum, the characteristic 
vegetations. 

Originally I cultivated tubercle bacilli from only the pulmonary 
tubercles of guinea pigs that had been infected with tuberculous material. 
Accordingly, the cultures derived from various sources had to pass a 
sort of intermediary stage, namely, in the body of a guinea pig. This 
method could, however, have led to the same errors as accompanied the 
transfer of a culture from one test-tube to another if, accidentally, other 
bacteria had been inoculated with the tubercle bacilli, or if, as is not rare, 
spontaneous tuberculosis had occurred in the experimental animal. 

To avoid these sources of error, special precautions were necessary; 
they were derived from observations of the behavior of spontaneous tu- 
berculosis, which endangered these experiments most. Among hundreds 
of recently bought guinea pigs which were autopsied in the course of other 
experiments, I have not found a single tuberculous one. Spontaneous 
tuberculosis occurred only in single instances and never before three or 
four months after the animal had been kept in the same room with tuber- 
culous animals. In spontaneously tuberculous animals the bronchial 
lymph nodes were without exception excessively enlarged and purulent, 
while in most cases the lungs contained a large caseous focus with far- 
advanced central necrosis, so that several times there had occurred true 
cavity-formation, as in human lungs. The development of tuberculos's 
was much slighter in the abdominal organs than in the lungs. The swe!l'- 
ing of the bronchial lymph nodes and the beginning of the process in th 
respiratory organs leave no doubt that spontaneous tuberculosis of thes: 
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animals is an inhalation infection, that originates from the invasion of a 
few or possibly only a single infectious germ and which therefore develops 
very slowly. Inoculation tuberculosis behaves quite differently. The 
site of inoculation was in the abdomen near the inguinal lymph nodes. 
These swelled first, and so presented an early and unmistakable sign of a 
successful inoculation. The tuberculosis proceeded much more rapidly 
than does spontaneous tuberculosis, because a larger amount of infectious 
material was involved, and at autopsy the spleen and liver were found 
more tuberculous than the lungs. It is therefore not at all difficult to 
differentiate spontaneous tuberculosis from inoculation tuberculosis in 
the experimental animal. Considering all these conditions, it could 
well be assumed that, if several recently bought guinea pigs, inoculated 
in the same manner and with the same material and kept in separate 
cages removed from other animals, all simultaneously and after a brief 
period developed inoculation tuberculosis in the characteristic fashion, 
then the occurrence of the tuberculosis was caused by the action of the 
inoculated material. 

Events proceeded in the indicated manner; and with all precautions 
(disinfection of the site of inoculation, use of flamed instruments) the 
substance to be tested for its virulence was inoculated each time into 
from four to six guinea pigs. The result was uniform throughout: in all 
animals which were inoculated with fresh material containing tubercle 
bacilli the slight inoculation wound was usually scabbed on the following 
day, and the site remained unchanged for about eight days. Then a 
nodule formed, which enlarged without rupturing or, in most cases, 
developed into a flat and dry ulcer. After two weeks the inguinal lymph 
nodes on the side of inoculation, and sometimes also the axillary nodes, 
were already swollen to pea size. From this time on, the animals became 
emaciated rapidly, and died after four to six weeks; or they were killed, 
in order to exclude any possible combination with a later-developing spon- 
taneous tuberculosis. In the organs of all these animals, but chiefly in 
the spleen and liver, were found the characteristic and well-known tuber- 
culous alterations. That the infection of the guinea pigs in this pro- 
cedure was caused only by the inoculated material is evident from the 
fact that, in several experimental series, the inoculation of material which 
did not contain living tubercle bacilli did not produce tuberculosis in a 
single inoculated animal. The material used in these series consisted of a 
scrofulous lymph node and fungoid masses from a joint, in both of which 
no tubercle bacilli were demonstrable, and pulmonary tubercles from a 
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monkey, dried for two months and in another case kept in alcohol for two 
months. Without exception, animals injected with bacilliferous material 
had far-advanced tuberculosis, four weeks after inoculation. 

From such guinea pigs as were infected with tubercles from the lungs of 
apes, with miliary tubercles from the brain and lungs of human beings, 
with caseous materials from phthisical lungs, and with nodules from the 
lungs and the peritoneum of cattle with Perlsucht, cultures of tubercle 
bacilli were isolated in the manner described above. It became evident 
that, just as the picture of the disease is the same, whether produced by all 
the enumerated different substances, so do the bacilliary cultures obtained 
differ not in the slightest from one another. Altogether, there were se- 
cured fifteen such pure cultures of tubercle bacilli,—four from guinea pigs 
infected with tuberculous products from a monkey, four from guinea pigs 
infected with Perlsucht material, and seven from guinea pigs infected with 
tuberculous formations from human beings. 

In order to exclude the possible criticism that the inoculation of tuber- 
culous material into guinea pigs causes an alteration, or possibly a disap- 
pearance, of the differences characterizing the previously different micro- 
organisms, an attempt was made to cultivate the tubercle bacilli directly 
from the spontaneously tuberculous organs of human beings and animals. 

This attempt succeeded repeatedly, and pure cultures were obtained 
from two human lungs with miliary tuberculosis, from a human lung with 
caseous pneumonia, from the contents of small cavities in phthisical lungs 
twice, from caseated mesenteric lymph nodes once, and from specially 
excised scrofulous lymph nodes twice; further, twice from pulmonary 
Perlsucht in cattle, and three times from the lungs of spontaneously dis- 
eased guinea pigs. These cultures likewise resembled one another 
completely, as did those which were obtained by the intermediation of 
inoculated guinea pigs, so that the identicalness of the bacilli present in 
various tuberculous processes cannot be doubted. 

In regard to these pure cultures I must mention that Klebs, Schiiller, 
and Toussaint have also cultivated microérganisms from tuberculous 
masses. All three investigators found that, after their infection with 
tuberculous material, the nutritive-media fluids became cloudy as early 
as within two to three days, and contained numerous bacteria. In 
Klebs’s experiments small motile rods developed rapidly, while Schiiller 
and Toussaint obtained micrococci. I have convinced myself repeatedly 
that tubercle bacilli grow only very sparsely in liquids, that they never 
cloud the latter because they are totally nonmotile and that, if growth 
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occurs, it becomes recognizable only after three or four weeks. The 
authors mentioned must therefore have dealt with organisms other than 


tubercle bacilli. 


Up to this point it was established by my studies that the occurrence of 
characteristic bacilli is regularly coincidental with tuberculosis and that 
these bacilli can be obtained and isolated in pure cultures from tubercu- 
lous organs. It remained to answer the important question whether the 
isolated bacilli when again introduced into the animal body are capable of 
reproducing the morbid process of tuberculosis. 

In order to exclude every error in the solution of this question, which 
contains the principal point in the whole study of the tubercle virus, many 
different series of experiments were done, which, on account of the signifi- 
cance of the point at issue, will be enumerated. 

First, were done experiments involving the simple inoculation of bacilli 
in the previously described manner. 

First Experiment: Of 6 recently bought guinea pigs which were kept in 
the same cage, four were inoculated on the abdomen with bacillary culture 
material derived from human lungs with miliary tubercles and grown in 
five transfers for fifty-four days. Two animals remained uninoculated. 
In the inoculated animals the inguinal lymph nodes swelled after four- 
teen days, the site of inoculation changed into an ulcer, and the animals 
became emaciated. After thirty-two days one of the inoculated animals 
died, and after thirty-five days the rest were killed. The inoculated 
guinea pigs, the one that had died spontaneously as well as the three killed 
ones, showed far-advanced tuberculosis of the spleen, liver and lungs; the 
inguinal nodes were much swollen and caseated; the bronchial lymph 
nodes were but little swollen. The two noninoculated animals displayed 
no trace of tuberculosis in lungs, liver or spleen. 

Second Experiment: Of 8 guinea pigs, six were inoculated with bacillary 
culture material, derived from the tuberculous lung of an ape, and culti- 
vated in eight transfers for ninety-five days. Two animals remained un- 
inoculated as controls. The course was exactly the same as in the first 
experiment. At autopsy the 6 inoculated animals were found with far- 
advanced tuberculosis, while the two noninoculated ones were healthy 
when they were killed, after thirty-two days. 

Third Experiment: Of 6 guinea pigs, five were inoculated with culture 
material, derived from a Perlsucht lung, and seventy-two days old and 
transferred six times. After thirty-four days all animals were killed. 
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The five inoculated ones were tuberculous, the noninoculated one was 
healthy. 

Fourth Experiment: A number of animals (mice, rats, hedgehogs, ham- 
sters, pigeons, frogs), whose susceptibility to tuberculosis is not known, 
were inoculated with cultures derived from the tuberculous lung of a 
monkey which had been cultivated for 113 days outside the animal body. 
Four field mice, killed 53 days after the inoculation, had numerous tuber- 
cles in the spleen, liver and lung; a hamster, killed 53 days after inocula- 
tion, showed the same result. 

In these four experiments the inoculation of bacillary cultures on the 
abdomen of the experimental animals had, then, produced exactly the 
same kind of inoculation tuberculosis as if fresh tuberculous materials 
had been inoculated. 

In the next experiment the inoculum was introduced into the anterior 
chamber of rabbits’ eyes, in order to find out whether, in the so modified 
inoculation method, the same effect would be obtained by the artificially 
cultivated tubercle virus as with the natural virus. 

Fifth Experiment: Three rabbits were inoculated with a small crumb of 
a culture (derived from a caseous pneumonia in a human lung and culti- 
vated for 89 days) in the anterior ocular chamber. An intense iritis 
developed after a few days, and the cornea soon became clouded and dis- 
colored to a yellowish-gray. The animals rapidly became emaciated. 
They were killed after 25 days and their lungs were found studded with 
countless tubercles. 

Sixth Experiment: Of three rabbits, one received an injection of pure 
blood-serum into the anterior chamber of the eye, and the two others an 
injection of the same blood-serum, in which, however, a small crumb of a 
culture (originating from a lung with Perlsucht and cultivated 91 days) 
had been suspended. In the latter two rabbits, the same phenomena 
occurred as in the preceding experiment—rapidly progressing iritis and 
clouding of the cornea. After 28 days the animals were killed. The first 
rabbit, injected with pure blood-serum, was completely healthy, while 
the lungs of the other two were studded with innumerable tubercles. 

Seventh Experiment: Of 4 rabbits, the first received pure blood-serum 
in the anterior eye chamber; in the case of the second the needle, which 
contained blood-serum with a bacillary culture (from monkey tuberculo- 
sis, cultivated 132 days), was introduced into the anterior chamber of 
the eye, but the plunger was not moved, so that only a minimal amount 
of the fluid could get into the aqueous humor. The third and fourth 
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rabbits were injected in the anterior chamber with several drops of the 
blood-serum with bacillary culture. Iritis and panophthalmitis devel- 
oped in the latter two animals, and very rapid emaciation followed. 

In the case of the second rabbit, on the other hand, the eye remained at 
first unchanged, but in the course of the second week single whitish- 
yellow nodules appeared on the iris near the site of the puncture, and 
there developed, growing out from this centre, a typical tuberculosis of 
the iris. New nodules kept forming on the iris, which became wrinkled, 
while the cornea clouded slowly and the further changes were obscured 
to further observation. After 30 days these four animals were killed. 
The first was entirely healthy; in the second, besides the formerly noted 
changes in the eye, the lymph nodes near the mandible and beside the 
root of the ear were swollen and studded with yellowish-white foci. 
The lungs and the other organs were still free from tuberculosis. The two 
latter rabbits, again, had countless tubercles in the lungs. 

Eighth Experiment: Six rabbits were infected in the same manner as in 
the preceding experiment, using culture from a human lung with miliary 
tuberculosis, which had been cultivated 105 days. The second animal 
was infected only by a prick in the anterior chamber of the eye, without 
injection. All six developed tuberculosis of the iris, while some developed 
also a slowly spreading infiltration with tubercles on the conjunctiva near 
the site of inoculation. 

The results of these experiments with inoculation into the anterior eye 
chamber, when as small a number of tubercle bacilli as possible was intro- 
duced, corresponded entirely with those obtained by Cohnheim and Salo- 
monsen, and Baumgarten. 

I did not content myself with this, but began further experiments, 
comprising injections of bacillary cultures into the abdominal cavity or 
directly into the blood-stream, and attempted, finally, to make tubercu- 
lous, with the artificially grown virus, such animals whose infection with 
tuberculosis was not easily accomplished. 

Ninth Experiment: Of 12 guinea pigs, 10 were injected in the abdom- 
inal cavity with blood-serum containing a bacillary culture, originating 
from monkey tuberculosis and cultivated 142 days. The eleventh animal 
was injected with pure blood-serum in the abdominal cavity, while the 
twelfth, which had a fresh, considerable wound from a bite on the abdomen, 
was not injected. 

The animals injected died on the 10th, 13th, 16th, 17th and 18th days 
respectively. On the 25th day, the remainder, together with the control 
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animals, were killed. Of those that died first, the omentum was mark- 
edly thickened and rolled together, and was infiltrated with a firm, 
yellowish mass. Under the microscope, this mass was seen to be com- 
posed of countless tubercle bacilli, almost all of which had very definite 
spores. Those that died later and also the killed animals of this group 
had already had, in addition to the infiltration of the omentum, eruptions 
of tubercles in the spleen and liver. The control animals were found 
entirely healthy. 

Tenth Experiment: A number of white rats were fed for two months 
almost entirely with the bodies of tuberculous animals. From time to 
time one was killed and examined. A few times a few single small gray 
nodules were found in the lungs of these animals, but the majority re- 
mained entirely healthy. Also, simple inoculation with tuberculous 
substances and with cultures from these substances had no effect on 
these animals, although such inoculations were repeatedly done. After 
the feeding with tuberculous masses had been stopped for several weeks, 
five of these rats received an intraperitoneal injection of bacillary culture 
(from monkey tuberculosis, cultivated 142 days). Five weeks later these 
animals were killed, and in the lungs, as well as in the much enlarged 
spleen, countless tubercles were found. This experiment is not clear-cut, 
since the feeding with tuberculous masses had been done before, but I 
refer to it because it was successful in creating a typical tuberculosis 
through the injection of bacillary culture, in rats, which are as resistant 
to all infectious material as dogs. 

Eleventh Experiment. Of 12 rabbits, 2 received 0.5 cc. of pure blood- 
serum in the ear-vein. Four rabbits received in the same manner blood- 
serum with culture (originating from monkey tuberculosis and cultivated 
178 days). Three rabbits were injected with culture from a phthisical 
human lung, cultivated 103 days, and the last three received blood-serum 
with culture from a Perlsucht lung, cultivated 121 days. For each of 
these groups a separate syringe was used. The first two rabbits remained 
lively and strong, but all the rest grew thin rapidly and began to breathe 
with difficulty in the second week. The first animal died after 18 days 
(injection with culture from phthisical lung); the second and third (both 
had received culture from monkey tuberculosis) after 19 days; the fourth 
(injection with culture from Perlsucht) after 21 days; the fifth (infected 
with culture from phthisis) after 25 days; the sixth and seventh (infected 
with culture from monkey tuberculosis) after 26 and 27 days; and on 
the thirtieth and thirty-first days two more animals died. The last 
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animal and the two controls were killed on the thirty-eighth day after 
the injection. 

No difference could be discerned in the lung and the rest of the organs 
of the animals infected with different cultures. Countless miliary 
tubercles were found in the lungs of all the animals. The livers and 
spleens of all these animals also contained remarkably numerous tuber- 
cles, but these were, in the case of those that died first, microscopical in 
size; in the case of those that died later, the tubercles had developed so 
far as to be visible macroscopically; and one rabbit showed many miliary 
tubercles visible to the naked eye also in the omentum, the diaphragm and 
the mesentery as well. The two control animals were found at autopsy 
to be without deposit of tubercles in any organ whatever. 

Twelfth Experiment: Two strong, full-grown cats received an injection 
in the abdominal cavity with blood-serum which had been triturated 
with a culture from monkey tuberculosis, cultivated for 162 days. One 
died in 19 days. The omentum was infiltrated with a firm whitish mass, 
and was more than a centimetre thick in places. The serous lining of the 
intestines and peritoneum had lost its lustre; the spleen was much en- 
larged. The infiltration of the omentum consisted (just as in the case of 
the guinea pigs that had received an injection with bacillary culture in 
the abdominal cavity) of densely packed tubercle bacilli, for the most 
part embedded in cells. There was as yet no macroscopically visible 
eruption of tubercles; but, microscopically, countless tubercles were visi- 
ble in the lungs, liver and spleen. The second cat was killed after 43 
days, and numerous tubercles, of the size of a millet-seed, were found in 
the lungs, spleen and omentum, with relatively few in the liver. 

Thirteenth Experiment: Two cubic centimetres of blood-serum, mixed 
with culture from human miliary tuberculosis which had been cultivated 
94 days, was injected into the abdominal cavity of a bitch several years 
old. No change was visible in the animal during the first 2 weeks after 
the injection; then she lost spirits, ate less, and, from the end of the third 
week on, she showed a definite distention of the abdomen. At the begin- 
ning of the fifth week she was killed. A fairly massive, clear, pale exu- 
date was found in the abdominal cavity. The omentum, mesentery and 
the round ligaments were studded with many tubercles, as were also the 
surfaces of the intestines and the bladder. The enlarged spleen, the 
liver and the lungs contained innumerable miliary tubercles. The site of 
injection was not recognizable, and there was no trace of caseous pus. 

It is scarcely necessary to mention that the syringes used in all these 
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experiments were always safely disinfected before use, through heating 
for one hour at a temperature of 160° to 170°C. 

The tubercles obtained by inoculation or injection of bacillary cultures 
were examined microscopically many times, and found entirely identical 
with the ordinary tubercles formed in the same animal species spontane- 
ously or after infection with tuberculous masses. They had absolutely 
the same arrangement of cellular elements, and frequently contained 
giant cells which, just as in the case of the spontaneous tubercles, en- 
closed bacilli. Furthermore, from these tubercles, which were derived 
by means of the bacillary culture, the bacilli were again isolated in pure 
culture, and with these, as well as with the tubercles, inoculation experi- 
ments were done, which had entirely the same result as infection with 
human tubercles or with Perlsucht. Therefore, in this regard also, the 
tubercles obtained through infection with cultures behaved like those 
occurring naturally. 

Looking back on these experiments, it is seen that a not inconsiderable 
number of experimental animals that received the bacillary cultures in 
very different ways—namely, through simple inoculation in the subcutane- 
ous tissues, through injection into the abdominal cavity or the anterior 
chamber of the eye, or directly into the blood-stream—became tubercu- 
lous without exception. Not only were single nodules formed, but the 
extraordinary number of tubercles was in proportion to the large number 
of bacilli introduced. It was successful with other animals, through 
infection in the anterior ocular chamber with as small a number of bacilli 
as possible, to give rise to the very same tuberculous iritis as in the well 
known experiments of Cohnheim and Salomonsen, and Baumgarten, 
which were so decisive on the question of inoculation tuberculosis and 
which were performed with true tuberculous material only. 

A confusion with spontaneous tuberculosis, or a chance undesigned 
infection with tuberculous virus is impossible in these experiments for the 
following reasons: In the first place, neither a spontaneous tuberculosis 
nor a chance infection could cause such massive eruptions of tubercles 
in so short a time. In the second place, the control animals, which were 
treated in exactly the same way as the infected animals, with only the 
single difference that they received no bacillary culture, remained healthy. 
In the third place, in the case of numerous guinea pigs and rabbits, 
infected and injected with other substances in the same way, for other 
purposes of research, there never occurred this typical picture of miliary 
tuberculosis, which can only exist when the body is suddenly over- 
whelmed with a large number of bacilli. 
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All these facts, taken together, justify the statement that the bacilli 
present in tuberculous substances are not only coincidental with the 
tuberculous process, but are the cause of the process, and that we have in 
the bacilli the real tuberculous virus. 

This establishes the possibility of defining the boundaries of the diseases 
to be understood as tuberculosis, which could not be done with certainty 
until now. A definite criterion for tuberculosis was lacking. One 
author would reckon miliary tuberculosis, phthisis, scrofulosis, Perlsucht, 
etc., as tuberculosis; another would hold, perhaps with quite as much 
right, that all these morbid processes were different. In future it will 
not be difficult to decide what is tuberculous and what is not tuberculous. 
The decision will be established, not by the typical structure of the tuber- 
cle, nor its avascularity, nor the presence of giant cells, but by the demon- 
stration of tubercle bacilli, whether in the tissues by staining-reactions or 
by culture on coagulated blood-serum. Taking this criterion as decisive, 
miliary tuberculosis, caseous pneumonia, caseous bronchitis, intestinal 
and lymph-node tuberculosis, Perlsucht in cattle, spontaneous and infec- 
tious tuberculosis in animals, must, according to my investigations, be 
declared identical. My investigations of scrofulosis and fungoid joint 
affections are not numerous enough to make a decision possible. In any 
event, a large number of scrofulous lymph nodes and joint affections be- 
long to true tuberculosis. Perhaps they belong entirely to tuberculosis. 
The demonstration of tubercle bacilli in the caseated lymph node of a 
hog, or in the tubercles of a hen, permits the inference that tuberculosis 
has a wider dissemination among domestic animals than is commonly 
supposed. Itis very desirable to learn exactly the distribution of tubercu- 
losis in this respect. 


Since the parasitic nature of tuberculosis is proved, it is still necessary 
for the completion of its aetiology to answer the questions of where the 
parasites come from and how they enter the body. 

In regard to the first question it must be decided whether the infectious 
materials can propagate only under such conditions as prevail in the 
animal body or whether they may undergo a development independent 
of the animal organism, somewhere in free nature, such as, for example, is 
the case with anthrax bacilli. 

In several experiments it was found that the tubercle bacilli grow only 
at temperatures between 30° and 41°C. Below 30° and above 42° not 
the slightest growth occurred within three weeks, while anthrax bacilli, 
for example, grow vigourously at 20° and between 42° and 43°C. The 
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question mentioned can already be decided on the basis of this fact. 
In temperate climates there is no opportunity offered outside the ani- 
mal body for an even temperature of above 30°C. of at least two weeks’ 
duration. It may be concluded that, in their development, tubercle 
bacilli are dependent exclusively upon the animal organism; that they are 
true and not occasional parasites; and that they can be derived only 
from the animal organism. 

Also the second question, as to how the parasites enter the body, can be 
answered. The great majority of all cases of tuberculosis begin in the 
respiratory tract, and the infectious material leaves its mark first in the 
lungs or in the bronchial lymph nodes. It is therefore very likely that 
tubercle bacilli are usually inspired with the air, attached to dust parti- 
cles. There can hardly be any doubt about the manner by which they 
get into the air, considering in what excessive numbers tubercle bacilli 
present in cavity-contents are expectorated by consumptives and scat- 
tered everywhere. 

In order to gain an opinion about the occurrence of tubercle bacilli in 
phthisical sputum I have examined repeatedly the sputum of a large 
series of consumptives and have found that in some of them no bacilli are 
present, and that, however, in approximately one-half of the cases, 
extraordinarily numerous bacilli are present, some of them sporogenic. 
Incidentally, it may be remarked that, in a number of specimens of spu- 
tum of persons not diseased with phthisis, tubercle bacilli were never 
found. Animals inoculated with fresh bacilliferous sputum become 
tuberculous as certainly as following inoculations with miliary tubercles. 

Also, such infectious sputa did not lose their virulence after drying. 
Four guinea pigs were inoculated with two-weeks-old dried sputum, and 
4 guinea pigs with sputum kept in the same way for 8 weeks; they all 
became tuberculous in the same manner as following infection with fresh 
material. Itcan therefore be assumed that phthisical sputum dried on the 
floor, clothes, etc., retains for a considerable time its virulence, and that, 
if it enters the lung in a pulverized state, it can produce tuberculosis 
there. Presumably the durability of its virulence is dependent upon 
the spore-formation of the tubercle bacilli, and it must be considered 
in this regard that the spore-formation, as we have seen in several ex- 
amples, occurs already in the animal organism, and not, as in anthrax 
bacilli, outside of it. 

It would lead too far into the realm of hypothesis to attempt to discuss 
here the conditions of acquired and inherited disposition, which undoubt- 
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edly play a significant rdle in the aetiology of tuberculosis. In this con- 
nection thorough studies are still required before a judgment is warranted. 
I wish to draw attention only to one point, which may serve as explana- 
tion for many puzzling phenomena: that is, the exceedingly slow growth 
of the tubercle bacilli. This is most probably the reason why the bacilli 
cannot infect the body through every little wound in such a way as do the 
unusually fast-growing anthrax bacilli. If one wishes to render an ani- 
mal tuberculous with certainty, the infectious material must be brought 
into the subcutaneous tissue, into the peritoneal cavity, into the ocular 
chamber; in brief, into a place where the bacilli have the opportunity to 
propagate in a protected position and where they can focalize. Infec- 
tions from superficial skin wounds not penetrating into the subcutaneous 
tissue, or from the cornea, are only exceptionally successful. The bacilli 
are eliminated again before they are able to implant themselves. 

This explains why autopsies on tuberculous bodies do not cause infec- 
tion, even when small cuts on the hand come in contact with tuberculous 
masses. Small superficial cuts are not suitable inoculation wounds for the 
invasion of bacilli. Similar conditions prevail probably for the implanta- 
tion of bacilli which have reached the lungs. It is probable that certain 
peculiar factors favoring the implantation of bacilli, such as stasis of secre- 
tions, desquamation of epithelium, etc., must aid to make infection poss- 
ible. It would be hardly understandable otherwise that tuberculosis is 
not much more frequent than it really is, since practically everybody, 
particularly in densely populated places, comes more or less in contact 
with tuberculosis. 

If we ask further what significance belongs to the results gained in this 
study of tuberculosis it must be considered a gain for science that it has 
been possible for the first time to establish the complete proof of the 
parasitic nature of a human infectious disease, and this of the most impor- 
tant one. So far such proof was established only for anthrax, while in a 
number of other infectious diseases in human beings, for example, re- 
lapsing fever, wound infections, leprosy, gonorrhoea, it was only known 
that parasites occur simultaneously with the pathological process, but the 
causal connection between the two has not been established. It may be 
expected that the elucidation of the aetiology of tuberculosis will provide 
new viewpoints for the study of other infectious diseases, and that the 
research methods which have stood the test in the investigation of the 
aetiology of tuberculosis will be of advantage for the work in other infec- 
tious diseases. Quite particularly may this hold true for studies of those 
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diseases, which, like syphilis and glanders, are most closely related to 
tuberculosis, and form with it the group of infectious tumors. 

How far pathology and surgery can utilize the knowledge about the 
properties of the tuberculosis parasite it is not my duty to define. It re- 
mains to be seen whether, for example, the demonstration of tubercle 
bacilli in the sputum can be used for diagnostic purposes, or whether 
the certain diagnosis of many localized tuberculous affections will be of 
influence in their surgical treatment, and whether therapy may profit 
from further experiences about the living conditions of the tubercle bacilli. 
My studies have been done in the interest of public health, and I hope 
that this will derive the largest profit from them. 

Tuberculosis has so far been habitually considered to be a manifestation 
of social misery, and it has been hoped that an improvement in the latter 
would reduce the disease. Measures specifically directed against tuber- 
culosis are not known to preventive medicine. But in future the fight 
against this terrible plague of mankind will deal no longer with an unde- 
termined something, but with a tangible parasite, whose living conditions 
are for the most part known and can be investigated further. The fact 
that this parasite finds the conditions for its existence only in the animal 
body and not, as with anthrax bacilli, also outside of it under usual, 
natural conditions, warrants a particularly favorable outlook for success 
in the fight against tuberculosis. First of all, the sources from which the 
infectious material flows must be closed as far as this is humanly possible. 
One of these sources, and certainly the most essential one, is the sputum 
of consumptives, whose disposal and change into a harmless condition has 
thus far not been accomplished. It cannot be connected with great 
difficulties to render such phthisical sputum harmless by suitable pro- 
cedures of disinfection, and to eliminate thereby the largest part of the 
infective tuberculous material. Besides this, the disinfection of clothes, 
beds, etc., which have been used by tuberculous patients, must certainly 
be considered. 

Another source of infection with tuberculosis is undoubtedly tubercu- 
losis of domestic animals,—in the first rank, Perlsucht. Herewith, too, is 
indicated the position which public health has to assume in future on the 
question of the danger of meat and milk from animals with Perlsuchi. 
Perlsucht is identical with tuberculosis in man, and is therefore a disease 
transmissible toman. It must therefore be treated exactly the same way 
as other diseases transmissible from animals to man. Be the danger of 
meat and milk from animals with Perlsucht ever so great or ever so little, 
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it is present, and it must therefore be avoided. It is sufficiently known 
that anthrax-infected meat has been eaten by many persons, and often 
for a long time, and without any ill effects, and still no one will conclude 
therefrom that the trade in such meat should be permitted. 

In regard to milk from cows with Perlsucht it is noteworthy that the ex- 
tension of the tuberculous process to the mammary gland has been ob- 
served not rarely by veterinarians, and it is therefore quite possible that 
in such cases the tuberculous virus may be mixed directly with the milk. 

Still further viewpoints might be mentioned in regard to measures 
which could serve to limit the disease on the basis of our present knowl- 
edge of the aetiology of tuberculosis but the discussion here would lead 
too far. When the conviction that tuberculosis is an exquisite infectious 
disease has become firmly established among physicians, the question of 
an adequate campaign against tuberculosis will certainly come under 
discussion and it will develop by itself. 
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ABNORMAL MENTAL STATES IN TUBERCULOSIS: 
ALEXIUS M. FORSTER anp CHARLES E. SHEPARD? 


It can safely be said that in tuberculosis more than in any other di- 
sease the proper understanding of the psychology of patients is of vital 
importance. This is more or less well understood by most sanatorium 
doctors, and many of us instinctively develop the ability to guide and con- 
trol our patients. However, few doctors seem able to express the proper 
formulae for the work we accomplish in this line. Furthermore, we have 
received little help from those engaged directly in the scientific study of 
psychology or psychiatry. There is a widespread and possibly justified 
feeling that psychiatrists and psychologists have not brought these sub- 
jects out of the maze of misunderstanding and often muddled theory. 
There has been, however, in the recent past, evidence of sane and 
progressive thinking and study of this problem. 

It is the purpose of this paper to use simple terminology and to stick as 
closely as possible to fact. The authors plan to continue these studies, 
and trust that others may be stimulated to pay more attention to the 
subject and to recognize what a wonderful opportunity there is to pay 
attention to mental as well as physical health with patients under control 
in our sanatoria. It will be noted that we have avoided any definite 
discussion of treatment, but it is to be hoped that extensive studies of 
this subject will enable us to understand the problem better and to save 
our patients at least some of the evils of maladjustment. 

The recent publication by Munro of a monograph, entitled Psycho path- 
ology of Tuberculosis, has reopened interest in the problem of mental states 
seen in tuberculosis patients. There has been much discussion as to 
whether the disease produces a specific abnormal mental state or whether 
abnormal mental states seen in tuberculosis are no different than ob- 
served in the general population. Munro states that there is a definite 
psychical state which is specific to and characteristic of tuberculosis. 
He believes that there is a definite relation between the severity of the 


1 Presented before the Clinical Section at the twenty-seventh annual meeting of the Na- 
tional Tuberculosis Association, Syracuse, New York, May 14, 1931. 
2 Cragmor Sanatorium, Cragmor, Colorado. 
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disease and the abnormality of the mental states observed. He feels 
that a specific psychoneurosis accompanies the early or moderately 
advanced case, while a specific psychosis accompanies the advanced 
case. Other writers have supported Munro’s conclusions. Thus, Ichok 
insists that phthisical neurosis is a characteristic clinical syndrome, which 
requires special treatment and which is of a general social significance. 
Bannister states that the average sufferer from tuberculosis is far from 
normal mentally. Crofton believes that there is a peculiar psychological 
situation in tuberculosis with a “reversion to childishness.”” De Furson 
states that in no other disease are there to be found such profound per- 
sonality changes as in tuberculosis. Palmer and others have spoken of 
the frequent association between tuberculosis and neurasthenia. Hollos 
goes so far as to state that neurasthenia is caused by tuberculosis. In 
other words, he assumes that neurasthenia is specific to tuberculosis. 
It will be noted that these writers believe that a specific abnormal mental 
state exists in tuberculosis patients. It will also be noted that such 
reports have been made on the basis of general observations rather than 
from individual case-history studies. 

Other writers believe that there are no abnormal mental states specific 
to tuberculosis'and that when such states are encountered in tuberculosis 
patients they are due to the temperamental peculiarities of the individual 
patients. Knopf criticizes Munro for alleging that such extreme and 
general nervous and mental disorders are to be found in tuberculosis. 
He believes that most tuberculosis patients not only have stable mental- 
ity but are often people of brilliance. Minor states that the number of 
tuberculosis patients showing abnormal mental states is much lower than 
considered by some authors, and he feels that such mental states, when 
they occur, are due chiefly to the chronicity of the disease and the re- 
strictions imposed by the treatment. 

A somewhat more accurate conception of the problem may be obtained 
from the few case-history studies available. Unfortunately these are 
for the most part studies made by psychiatrists on tuberculosis patients 
referred to them because of frank inability to adjust to sanatorium life. 
Such studies are therefore on selected groups and give no idea of the 
frequency of abnormal states in tuberculosis patients as a group. 
Groom reports on 29 cases studied in the New York State Hospital which 
were referred from the Yonkers Tuberculosis Dispensary. He con- 
sidered fifteen of the group to be definitely psychoneurotic. Seven were 
classed as psychotic and the remaining seven were considered to be 
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psychopathic personalities. He makes no mention of a specific type of 
psychoneurosis or psychosis as being observed in this group. A much 
more valuable contribution is available as a result of a study of 200 un- 
selected sanatorium cases by Weigel. Weigel found that 94, or 47 per 
cent, of the patients studied were suffering from psychoneurotic or 
psychotic symptoms. No specific type of abnormal state was mentioned. 
The cases were classified according to the usual types of neurosis or 
psychosis. The number of tuberculosis patients in this group which 
showed psychoneurotic or psychotic symptoms appears unusually high. 
Can it be possible that almost three-fourths of sanatorium patients show 
abnormal mental states? 

Physicians working with tuberculosis patients are impressed with the 
difference in the mental reactions to the disease as shown by different 
individuals. Some patients accept the restrictions of the treatment with 
a calmness and fortitude which seem quite remarkable. They frequently 
have moderately advanced or far-advanced pulmonary lesions. But 
the same mental reaction is often witnessed in patients with minimal 
tuberculosis. On the other hand, definitely abnormal mental states 
are seen in patients with minimal lesions, as well as in patients with 
advanced lesions. Abnormal mental states may be caused by the 
progression of the disease, and be related to it, but it is apparent from 
superficial observation of the mental reaction of patients to tuberculosis 
that other factors must enter into the problem. 

Before attempting to ascertain the cause of abnormal mental states 
seen in tuberculosis patients it seems necessary to define more clearly 
the meaning of ‘‘abnormal mental state.”’ Munro has used the term 
“psychopathology” in this connection. It is here contended that, if 
used at all, such a term should only be used in relation to psychosis with 
deterioration. Anormal mental state may be defined as that state 
in which the individual thinks and acts in accordance with the dictates 
of normal behavior. A definition of abnormal mental state must be 
somewhat guarded. The mind must be regarded not as static, but 
rather as dynamic. As such its functions may deviate from the so called 
norm and yet remain within the limits of normal behavior. Thus there 
is considerable variation in behavior as observed in normal individuals. 
If, however, the deviation from normal behavior is great enough to 
dominate the individual’s personality, behavior may be considered as 
abnormal. In his studies, Weigel considered abnormal behavior to 
exist only when the psychological symptoms (emotions) ‘‘dominated the 
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situation so as to cut in on the personality.” ‘Abnormal mental state,” 
as used in the present study may be defined as that state in which normal 
thinking and acting have been dominated by the emotions. Thus, an 
individual may worry over his situation and yet his mental state may be 
considered normal. If, however, he allows his worry to completely 
dominate his personality so that his behavior becomes morbid, an ab- 
normal mental state may be said to exist. An individual with tuber- 
culosis who allows emotions, such as fear, anxiety, fatigue, frustration, 
etc., to warp his personality so that he no longer thinks and acts nor- 
mally is considered to be in an abnormal mental state. 

There can be no doubt that the emotional reaction to tuberculosis is 
usually severe. Tuberculosis must be considered as a distinct psycho- 
logical crisis in the life of an individual. The patient is subjected to a 
critical emotional strain from the moment the diagnosis is made. The 
shock of learning the diagnosis is not, however, as great as is frequently 
anticipated. As recovery from tuberculosis becomes more common, the 
fear of death becomes less common. The emotional fear of death may 
still be present but it is usually overshadowed by other emotions which 
are presented as a consequence of the type of treatment required. If 
every patient could be treated in such a way that it was unnecessary for 
him to sacrifice his home and his vocational ambitions there would be 
less abnormal behavior among tuberculosis patients. But the patient 
is faced with the necessity of giving up his home and business responsibil- 
ities. He must suddenly anticipate a complete change in his condition 
of living. Weigel states that the restraint and careful living required 
of the tuberculosis patient are distinct emotional elements which tend 
to produce abnormal behavior. By nature an active, productive, freely 
moving individual, he is suddenly faced with the necessity for complete 
restriction of physical and mental energy. He is forced to change from a 
motile to a sessile animal. He must adjust himself to bed-rest and an 
entirely new daily routine. He must find new interests which shall not 
cause the expenditure of physical or mental energy, and avoid thinking 
too much about himself or his disease. He can no longer depend on his 
work to mitigate his worry. The normal emotional outlet derived from 
physical activity is closed. There arises suddenly the necessity for 
playing a new game, a game which is quite strange, most exacting, and 
altogether foreign to his nature. Were the individual in good health, he 
might still find considerable difficulty in maintaining a normal mental 
state. But, unfortunately, the individual upon whom the diagnosis of 
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tuberculosis has been made is usually quite ill. He must make these 
adjustments in spite of a toxaemia, which makes him fatigued, depressed, 
and emotionally irritable. He must make the adjustment frequently in 
spite of aggravating chest symptoms. Surely tuberculosis and the 
treatment which it requires may be considered as an emotional crisis in 
the life of an individual. Surely here is cause sufficient to produce 
abnormal mental states. Other factors may contribute to abnormal 
mental states seen in tuberculosis. The extent of the disease, the sever- 
ity of the toxaemia, age, sex, social and economic position may be con- 
tributory, but the primary cause of abnormal mental states in tubercu- 
losis must be looked for in the reaction of the individual personality, as 
determined before the onset of tuberculosis, to this disease as an emo- 
tional crisis. 

If abnormal mental states observed in tuberculosis depend on the 
reaction of the individual to tuberculosis, a study of the individual per- 
sonality of tuberculosis patients must be conducted. To know as much 
as is possible concerning the personality makeup of the patient is to be 
able more surely to predict his reaction to tuberculosis. Personality 
makeup is determined by all the psychological factors involved in both 
the inheritance and environment of the individual. It is also deter- 
mined by physical factors in the individual’s environment. It depends 
upon physical and emotional reactions to critical situations faced by the 
individual during his life. In short, a complete physical and psycholog- 
ical life history of the individual must be made in order to determine his 
personality makeup before the onset of tuberculosis. This is a most 
difficult undertaking and the most careful analysis will still fall short of 
the desired goal. The study should include as a minimum the following 
general considerations: 


1: Physical and Emotional Factors in the Inheritance: This should include 
inherited predispositions of race, national extraction, social level, family his- 
tory of nervous or mental trouble, and emotional level of direct parentage. 

2: Physical and Emotional Factors in the Environment: This should include 
diseases and deficiencies of infancy and childhood, body type, endocrine type, 
home adjustments, school adjustments, sex adjustments, adjustment to the 
period of adolescence and maturity. 

3: Reaction of the Individual to Situations and Responsibilities: This should 
include reaction to home responsibilities, reaction to vocational responsibilities, 
reaction to illnesses, reaction to sex and religion, reaction to other difficult 
emotional situations during life. 
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Such a study will give definite information concerning the individual 
personality makeup before the onset of tuberculosis. If the reaction to 
tuberculosis is dependent upon the individual personality makeup, a cor- 
relation will be found between the personality makeup so determined 
and abnormal mental states found in tuberculosis patients. 

Such a study has been undertaken at Cragmor Sanatorium. Individ- 
ual personality makeup before the onset of tuberculosis has been de- 
termined in one hundred unselected cases of pulmonary tuberculosis. 
The emotional reaction to tuberculosis has been observed. The rela- 
tion between this reaction and the extent of the disease, severity of 
toxaemia, age, sex, and other factors has been recorded. The personality 
makeup has been correlated with these factors as well as with normal or 
abnormal mental states. Conclusions have been drawn concerning the 
relation between personality makeup, extent of disease, etc., and abnor- 
mal mental states. All patients were under observation long enough, so 
that definite conclusions could be drawn concerning personality makeup 
as related to abnormal mental states. The group includes 47 men and 
53 women. There was an age variation between 61 and 18, with an 
average age of thirty-one. The majority of the group may be consid- 
ered as belonging to the upper strata of society. While such a classifica- 
tion is quite arbitrary, it is significant in this study because it has been 
possible te receive more intelligent codperation than could be obtained 
in a representative group of tuberculosis patients. 

The method of history-taking was somewhat unusual in that both 
physical arid psychological histories were taken at the same time. To 
be sure, many details of the psychological history were added from daily 
observations and conversations with the patient. The method of com- 
bining the history forms has been chiefly advantageous in the fact that 
psychological inquiries could be made less obtrusive, and therefore less 
subject to the occasional defense reaction of individuals to the intimate 
questions involved. Histories were not taken until physician and pa- 
tient were on familiar terms. Daily contact between physician and 
patient made possible a study of daily moods, preoccupations, interests 
and adjustments. The diagnosis of normal or abnormal mental states 
was made only after a considerable period of observation. 

Cases studied were classified in regard to age, sex, body type, endo- 
crine type, extent of disease and severity of toxemia. Abnormal mental 
states observed were classified as neuroses, psychoses, and into a third 
group designated as simple maladjustment. “Simple maladjustment”’ 
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may be defined as an abnormal mental state in which there is more or 
less transient domination of the personality by emotions, without the 
production of neurosis or psychosis. Thus it has been common to 
observe a patient abnormally fearful, anxious or depressed, who did not, 
however, show other symptoms of neurosis and who usually soon adjusted 
himself favorably. Included in this group are also those patients who 
have allowed the emotion of rebellion against the disease and treatment 
to dominate the situation, but who showed no evidence of neurosis. This 
feeling of rebellion is usually accompanied by a feeling of dissatisfaction, 
so that these individuals often become sanatorium tramps, going from 
one sanatorium to another, never satisfied, never content to follow the 
dictates of treatment. Fifteen patients were included in this group 
showing simple maladjustment. Eight made a favorable adjustment 
during the period of observation. 

In this series of one hundred cases studied there were 69 patients (69 
per cent) who were considered as representing a normal mental state. 
Seven of these had begun their treatment either at home or in another 
sanatorium, so that it has been difficult to ascertain whether there had 
been at one time a transient simple maladjustment. This group of 
patients adjusting favorably to tuberculosis included eight who showed a 
simple maladjustment, but who during the period of observation over- 
came emotional conflict sufficiently to be placed in the normal-behavior 
group. Two patients, at first classified as psychoneurotics, were later 
added to this normal-behavior group. Of the 31 patients in whom 
abnormal mental states were considered to exist, seven showed simple 
maladjustment persistent throughout the period of observation (one 
year), 20 patients were classified as psychoneurotic, and the remaining 
four either showed psychotic trends or developed definite psychoses. 

The neuroses encountered were in no way specific to tuberculosis. 
They were classified as fatigue neuroses (neurasthenia), of which there 
were 9 cases, anxiety neuroses, of which there were 10 cases, and con- 
version hysteria (one case). It has frequently been difficult to draw a 
clear definition between fatigue neurosis and anxiety neurosis. White 
states that neurasthenia and anxiety neurosis are not infrequently found 
associated in various proportions in the same individual. The classifica- 
tion has therefore been made according to the predominating “‘aetiolog- 
ical moments,” in the individual case. The neuroses were somewhat 
more common in minimal than in advanced tuberculosis. No special 
age-group was represented. Although no definite conclusions can be 
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drawn from such a limited study it appears that fatigue neurosis is more 
common in women with tuberculasis than in men, and that anxiety neu- 
rosis is more common in men with tuberculosis than in women with the 
disease. 

Fatigability is one of the earliest nervous manifestations of tubercu- 
losis. 'When accompanied by other symptoms, such as emotional irri- 
tability, depression, insomnia and functional somatic disturbances which 
altogether dominate the personality, the symptom-complex has been 
termed a fatigue neurosis. Fatigue neurosis is not specific to tuberculo- 
sis. According to White it may be primary or it may be secondary to 
debilitating disease. Of the 9 cases observed, eight were in women. 
One case so diagnosed returned to the normal group during the period 
of observation. 

Anxiety is a common psychic symptom in tuberculosis. Anxious 
expectation of the development of new symptoms or of a new “break,” 
fear of complications, occasionally fear of death, are all seen in the disease. 
Devine states that fear is the outstanding emotion in tuberculosis. 
Bledsoe has called attention to the “fear complex” in tuberculosis. 
When anxiety is accompanied by other symptoms, such as fear, depres- 
sion, excitability, loss of ability to concentrate, and functional somatic 
disturbances, especially of a hypochondriacal nature, which altogether 
dominate the personality, the symptom-complex has been termed an 
anxiety neurosis. Adler believes that anxiety neuroses are caused by 
frustrations. The condition is not at all specific to tuberculosis. It 
is found as a primary psychic state, or as the result of chronic heart 
disease, and it is found in other debilitating illnesses. It is interesting 
to note that of the 10 cases of anxiety neurosis observed in this study 
the condition was diagnosed in 5 Jewish patients. 

The diagnosis of psychosis or psychotic state was made in 4 cases. 
One patient with minimal tuberculosis after a six weeks’ residence in the 
sanatorium developed dementia praecox and was eventually removed 
to the state hospital. Another patient with moderately advanced 
tuberculosis but with little evidence of toxaemia had a schizophrenic 
episode, during which she was definitely hallucinated, paranoid and agi- 
tated, with a definite religious trend. She recovered quite promptly, 
and showed a normal behavior during the remainder of the period of 
observation. She had had a former similar attack before the onset of 
tuberculosis. A third woman was considered as a case of psychopathic 
personality. Her tuberculosis was minimal, and adjustment was fairly 
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good during her residence in the sanatorium. No follow-up records 
have been available on the fourth case, which was diagnosed tentatively 
as a toxic psychosis. It is evident that these cases of psychosis or 
psychotic states are not specific to tuberculosis. The symptoms were in 
every way the same symptoms of psychosis as found in the general 
population. 


SUMMARY 


A study has been made of abnormal mental states found in 100 un- 
selected cases of pulmonary tuberculosis in Cragmor Sanatorium. Ab- 
normal mental state has been defined as that state in which normal think- 
ing and acting (normal behavior) has been dominated by the emotions. 
An attempt has been made to discover whether abnormal mental states 
found in tuberculosis are specific to the disease or dependent upon the 
personality makeup of the individual. Personality makeup has been 
determined by a complete individual physical and psychological life- 
history study. Tuberculosis has been considered as an emotional crisis 
in the life of the individual, toward which he may react either normally 
or abnormally, depending upon his personality makeup before the onset 
of the disease. Sixty-nine per cent of the group studied were considered 
to show a normal behavior under treatment for tuberculosis, or they 
showed a simple emotional maladjustment which was rectified during 
the period of observation. Of the remaining 31 patients, seven showed a 
persistent simple maladjustment, twenty were diagnosed as definitely 
neurotic, and four were diagnosed as psychotic. Of the neurotic group, 
9 cases of fatigue neurosis (neurasthenia), 10 cases of anxiety neurosis, 
and one case of conversion hysteria were seen. Fatigue neurosis was 
found more frequently in women than in men. It was found more 
commonly in the asthenic than in the athletic individual. Anxiety 
neurosis was more common in men than in women. It was found 
quite commonly in Jewish patients. No abnormal mental state specific 
to tuberculosis has been discovered. No correlation has been found to 
exist between abnormal mental states in tuberculosis and the extent of 
disease, severity of toxaemia, conditions of age, sex or body type. A 
definite correlation has been found to exist between abnormal mental 
states in tuberculosis and the personality makeup of the individual. 
Thus the emotional reaction to tuberculosis may roughly be predicted 
from a study of the personality makeup of the individual affected. 
Abnormal mental states are observed commonly in tuberculosis patients. 
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They are probably no more common in tuberculosis than in other con- 
ditions which produce similar emotional crises, and in which the re- 
strictions imposed by that crisis call for so much emotional adjustment. 
It is to be concluded that an individual with a given personality makeup 
will react to tuberculosis either normally or abnormally according to his 
emotional stability or instability, as determined by his personality makeup 
before the onset of the disease. Normal adjustment to tuberculosis 
may be expected in the patient with an emotionally stable personality 
makeup. Abnormal mental states may be expected in the tuberculosis 
patient who is already emotionally unstable before the onset of the 
disease. 
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TUBERCULOUS INFECTION IN MENTAL DEFECTIVES 


As Estimated by the Pirquet Tuberculin Test 
A. N. BRONFENBRENNER! 


The high mortality of pulmonary tuberculosis in state institutions for 
the feebleminded (1) leads one to expect a high prevalence of tuber- 
culous infection among mental defectives. On the other hand, the 
general sanitary standards of the institutions and hygienic routine in- 
stilled in the inmates, at least as I see it, do not corroborate such an 
expectation. Therefore an estimation of the prevalence of tuberculous 
infection by means of the Pirquet tuberculin test was undertaken to 
afford some actual facts in regard to the prevalence of tuberculous in- 
fection among the feebleminded. 

The entire population of Letchworth Village was subjected to the 
Pirquet tuberculin test.2 The scarifications were made with small 
watchmaker’s screwdrivers, the angles of which had been filed off and 
the edges somewhat sharpened. Two drops of Old Tuberculin (kindly 
supplied by the New York City Board of Health) were placed on the 
palmar surface of the forearm about 2 cm. apart; by means of one 
screwdriver a scarification was made within each of these drops; a third 
scarification, for control, was made 2 cm. below by another screwdriver. 
The patients were kept with their arms bared for about a half an hour 
until the scarifications appeared entirely dry. The screwdrivers and 
scarification area were cleansed with alcohol (95 per cent) prior to each 
individual test. The results of the test were recorded after 24 and 48 
hours. An absence of any difference in appearance of all three scarifica- 
tions was classed as “negative.” If the test-scarifications showed more 
redness than the control, and the reddened area was less than 5 mm. in 
diameter, the reaction was classified as plus. A redness of more than 
5 mm. but less than 1 cm. in diameter, usually accompanied with some 
oedema, was designated as two plus; all higher degrees of the reaction 


1 Letchworth Village (State School for the Feebleminded), Thiells, New York. 
2 The testing was performed by 5 medical students, A. Haugh, S. Little, J. Mustard, E. 
Winchester and E. Young, who were trained for it during their service at the institution in 


the summer. 
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were classed as 3 plus. The following report is not concerned with the 
degree of positive reaction, and all reactions, plus, 2 plus, or 3 plus, are 
accounted for simply as a positive outcome of the test. 

The data for the entire population were tabulated (table 1) to show the 
incidence of the Pirquet reaction in each of three main grades of the 
feebleminded, morons, imbeciles, and idiots, separately for four age- 
spans of the patients; the totals in the extreme right-hand column give 
the incidence in the three main mental groups irrespective of the age of 
the patients: the lowest horizontal division of the table shows the 
incidence in each chronological age-group irrespective of the mental 
levels of the patients; the intersection of the two sets of the totals repre- 
sents the grand-total of the incidence in the entire population of the 


TABLE 1 


The incidence of the tuberculin reaction in successive age-periods of morons, imbeciles and idiots 
(entire population of Letchworth Village) 


AGE-PERIODS IN YEARS 
ALL AGES 
Up to 10 11-15 16-20 21+ 
3 Reactors E Reactors 3 Reactors 3 Reactors 3 Reactors 
32| 14 43.7] 111) 42)37.8] 142) 64/45.1) 215) 111/51.6) 500) 231/46.2 
Imbeciles...... 60} 21 135.0) 190} 77|40.5) 244) 115|47.1| 468) 184/39.3) 962) 397/41.3 
Morons....... 50] 15 {30.0} 326} 102/31.3} 317} 124139.1) 179) 77|43.0) 872) 318)36.5 
All grades..... 142} 50 135.2] 221/35.2| 703) 303/43.1) 862] 372!43.2|2334| 946/40.5 


institution. Among 2,334 patients of both sexes, all chronological ages 
and various mental levels, 946 individuals, or 40.5 per cent, reacted 
positively. The usual tendency of tuberculous infection to increase in 
its prevalence with the advancing age of individuals (age factor of the 
prevalence of tuberculous infection) is fairly well reflected by the pro- 
portions of reactors in successive age-groups of patients (see horizontal ‘ 
divisions of the table). The vertical columns of the table indicate that 

the prevalence of tuberculous infection tends to be higher in lower grades 

of the feebleminded. 


COMPARISON WITH INCIDENCE OF TUBERCULOUS. INFECTION ELSEWHERE 


A state institution for the feebleminded might be considered as a 
community in itself. What is, then, the status of a state institution for 
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the feebleminded in regard to the prevalence of tuberculous infection 
as compared with other communities? 

A comparison of our findings with the data on the tuberculin reaction 
among school-children of different communities might answer the ques- 
tion. The data of Harrington, ef al. (2), Hetherington, et al. (3), and 
Mattill, e¢ al. (4) represent the necessary variety of communities, a large 
city (Philadelphia), middle-sized city (Minneapolis), and rural district 
(of Minneosta). (Harrington and Hetherington employed the intra- 
cutaneous method in testing their children; in this paper their results 
with the injection of 0.01 mgm. of tuberculin are referred to, as it has 


TABLE 2 
Comparison with incidence of tuberculous infection elsewhere 


AGE-PERIODS IN YEARS 
TOTAL OF ALL 


AGES 


Up to 10 11-15 16-20 21+ 


a 


Reactors Reactors Reactors Reactors 


| Number tested 

| Per cent 
Number tested 
Number tested 
Number tested 
Number tested 
Number 
Per cent 


School children of 
Philadelphia 30.3 
School children of 
Minneapolis 29.6) 939 4 776 
Mental defectives; 
entire population of 
institution 142} 50)/35.2} 627 21703 43.1 2/2334} 946 
Mental-defective 
school-children of 
Letchworth 57| 17|29.8) 346/106/30.6/113} 55/48.6 .6} 519] 180): 
School-children of 
rural Minnesota. .../1573/399)25 .4/1202/242/20. 1/236} 52/22.0 3011} 693 


a 


been shown (5) that the Pirquet test in its sensitivity is approximately 
equivalent to the injection of 0.01 mgm. of tuberculin.) It is readily 
seen (table 2) that the incidence of the tuberculin reaction in the entire 
population of the institution (40.5 per cent) is lower than among the 
public school-children of a large city (44.0 per cent in Philadelphia) 
though it is higher than in the school-children of a middle-sized city 
(36.6 per cent in Minneapolis). This, indeed, is not yet the rating of the 
institution in regard to the prevalence of tuberculous infection. School- 
children constitute a representative group of a given community; the 
corresponding group of the institution should be compared with the 
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public school-children in regard to the prevalence of tuberculous infec- 
tion if a proper placement of the institution on the scale of the pre- 
valence of tuberculous infection is to be attained. The prevalence of 
tuberculous infection among our school-children (34.7 per cent as shown 
in table 2) is lower than in public school-children of both cities (44.0 
per cent in Philadelphia or 36.6 per cent in Minneapolis). This differ- 
ence in favor of the institution is the more significant, as the average age 
of our children is higher (see the table), which certainly conceals partly 
the statistical evidence of sanitary advantages of the institution, because 
the age-factor operates disadvantageously for our children. The last 
line of table 3 illustrates the advantages of rural surroundings as com- 
pared with institutional surroundings. 

Institutions for the feebleminded draw their population mainly from 
urban districts (1). The above comparison definitely indicates that the 


TABLE 3 


Comparison of the prevalence of tuberculous infection in recently admitted and in residing school 
children of the institution 


NUMBER OF 


SCHOOL CHILDREN (11-15 YEARS OF AGE) PER CENT 


Admitted during last fiscal year 87 32.2 
Residing in the institution for 1-2 years 
Residing in the institution for 2-4 years 134 30.6 
Residing in the institution for 4-9 years 69 34.8 


342 30.4 


prevalence of tuberculous infection in the institutions is lower than in 
urban communities. In other words, newly admitted children carry a 
heavier load of infection than the residents of the institution. Conse- 
quently, our tuberculin test should identify a higher proportion of 
reactors among recently admitted patients as compared with the rest 
of our residents. Such evidence of the sanitary advantages of the in- 
stitution as compared with city communities can be demonstrated on 
different aggregates of our patients. Table 3 brings about this evidence 
on the group of our school children, 11-15 years of age. (Other ages of 
school children are represented by too small numbers of individuals.) 
The first line of table 3 concerns itself with the school-children admitted 
during the last fiscal year; the prevalence of tuberculous reaction in them 
amounts to 32.2 per cent; it may be assumed that these pupils reflect 
the conditions of their former communities, outside of the institution. 
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The proportion of reactors among the residents grows with the length of 
residence from 21.2 per cent to 30.6 per cent, remaining lower than in the 
recently admitted; but in the group residing for 4-9 years the propor- 
tion of reactors increases up to 34.8 per cent, becoming even higher 
than in the group of recently admitted pupils. Such a gradual increase 
of the prevalence of tuberculous infection among the residents with in- 
creasing length of residence might certainly depend upon the fact that 
the longer children reside in the institution the further they become ad- 
vanced in the same age-span; thus, owing to the age factor, the propor- 
tion of reactors of a given age-span will grow with the length of residence. 
It might be assumed, then, that the lowest average age of a given age- 
span shall be found in the recently admitted group, which tends to 
decrease the number of reactors among the recently admitted as com- 
pared with the residents. Nevertheless, the prevalence of tuberculous 
infection among the recently admitted (32.2 per cent) is higher than in 
the entire census of our pupils (30.4 per cent). 

In comparing the prevalence of tuberculous infection, school-children 
were used as a representative group or as the appropriate sample of a 
given community. Therefore, the inference reached by the comparisons 
may be extended on to the respective communities just as well. Ac- 
cordingly, we are led to believe that the prevalence of tuberculous in- 
fection in cities is higher than in the institution or that the population 
of an institution is exposed to the chance of contracting tuberculosis to 
a less degree than city residents. 


THE PREVALENCE OF TUBERCULOUS INFECTION IN THE INFIRM 
FEEBLEMINDED 


The difference in the prevalence of tuberculous infection in favor of 
residents of the institution over the recently admitted patients can be 
shown in a variety of aggregates of our patients. But this difference 
becomes the less impressive as a larger number of the patients housed 
in, or only closely related to, our infirmaries participates in a given 
aggregate of individuals. Moreover, the statistical evidence of the 
advantages of institutional surroundings over the city environment 
could not be produced by the data of the Pirquet test compiled sepa- 
rately for the patients of our infirmaries. The essential features of the 
infirm feebleminded seem to afford sufficient explanation for the fact 
that the patients of our infirmaries do not participate in the benefits of 
the institutional environment together with the rest of the institutional- 
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ized population. A certain degree of codperation on the part of the 
patient is necessary for the efficiency of a hygienic routine. But these 
usually very low mentally, physically handicapped, infirm patients 
cannot be trained at all to benefit from the hygienic routine instilled 
into the rest of our population. Notwithstanding all elaborate arrange- 
ments to provide outdoors facilities for the infirm the latter will always 
lag behind the rest of our patients in this regard. It appears that special 
complications in the care of the infirm call for an appropriate distribu- 
tion of the patients among the available housing units whereby the 
segregation on the basis of chronological ages, the foremost factor in 
keeping the prevalence of tuberculous infection under control, cannot be 
practised with the infirm to the extent that it is among the other kinds 
of the feebleminded, etc. Apparently, these pitfalls in the way of 
sanitary administration are inherent with the infirm feebleminded and 
cannot be avoided. The proportion of reactors among the infirm is 
the highest recorded in the institution, above 50 per cent, and this high 
percentage of reactors is found in young and old and also among boys and 
girls of higher mental level who come in contact with the infirmaries 
assisting in the task of caring for the infirm patients. 


MENTAL DEFECT AS A FACTOR IN THE PREVALENCE OF TUBERCULOUS 
INFECTION 


The tabulation of the results of the Pirquet testing for the entire pop- 
ulation of Letchworth Village showed that the proportion of reactors 
grows in the lower grades of the feebleminded (see table 1). It was 
learned also that the infirm patients, who constitute an essential part of 
the lower grades of the institution, exhibit the highest prevalence of 
tuberculous infection. It might appear, then, that the infirmness, 
and not the low mentality, is an actual factor increasing the prevalence 
of tuberculous infection among our idiots and imbeciles. Apparently 
the combination of both mental and physical deficiencies is responsible 
for the fact that tuberculous infection in the infirmaries cannot be con- 
trolled as efficiently as it is in other divisions of the institution. The 
isolated effect of mental defect may be observed in the aggregates of 
individuals from which infirm patients are excluded. The figures for 
two such groups of patients are tabulated in table 4, of which the third 
column is a reproduction of the last column of table 1. It is seen that 
the exclusion of infirm patients has a definite effect, decreasing the 
proportion of reactors in general. (Compare the percentage of ‘reactors 
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in idiots, imbeciles, and morons as found in the entire population, 
46.2, 41.3 and 36.5, with the corresponding set of percentages compiled for 
all but infirm patients, 43.6, 39.1 and 35.9, or with percentages for 
trainable imbeciles and morons 39.1 and 34.5.) But the reverse relation- 
ship between the prevalence of the infection and the mental level of the 
patients remains about the same, notwithstanding the elimination of the 
infirm patients. Thus, the submitted evidences warrant the inference 
that mental defect is in itself a factor favoring the spread of tuber- 
culous infection. 


TABLE 4 
Prevalence of tuberculous infection in different grades of the feebleminded 


ALL EXCEPT INFIRM PATIENTS TRAINABLE MALES ENTIRE POPULATION 


Number Reactors Number Reactors eo Reactors 
—_ Number | Per cent — Number | Per cent tested Number | Per cent 


202 88 | 43.6 7 5 500 | 231 46.2 
815 | 319 | 39.1 | 207 81 ‘ 962 | 397 41.3 
857 | 307 35.9 | 423 146 ; 872 | 318 | 36.5 
1874 | 714 | 38.1 | 637 232 ; 2334 | 946 | 40.5 


SUMMARY 


The Pirquet tuberculin test was applied to the entire population of a 
state institution for the feebleminded, with the aim of acquiring certain 
information that might have a bearing on the high mortality rate of 
- tuberculosis among the feebleminded. 

Among 2,334 tested persons there were 946 (40.5 per cent) reactors. 

The proportion of reactors in our children attending the grade school 
of the institution (34.7 per cent) was compared with what has been found 
in public school-children of different communities. This comparison 
indicated that the prevalence of tuberculous infection in the institution 
tends to be lower than in city communities from which institutions 
draw their patients. 

The advantages of institutional surroundings over the city environ- 
ment were illustrated also by the observation that the proportion of 
reactors among recently admitted school-children is higher than among 
the pupils residing in the institution for certain lengths of the time. 

Further analysis of the results of the tuberculin testing indicated that 
the prevalence of tuberculous infection is kept well under control in all 
divisions of the institution except in the infirmaries. Among the infirm 
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feebleminded, the proportion of reactors was found highest, 50-60 
per cent (irrespective of the ages of individuals), which seems to be due 
to the combined effect of mental and physical deficiencies of the patients. 
This state of affairs in regard to the prevalence of tuberculous infection 
among the infirm feebleminded might greatly contribute to the high 
mortality rate of tuberculosis among the feebleminded. 

Another observation has apparently also a bearing on a high mor- 
tality rate. The proportion of reactors tends to be higher in the lower 
grades of the feebleminded. This was shown in the entire population 
of the institution as well as in aggregates of the defectives free from the 
infirm feebleminded. It appears, thus, that mental defect in itself is a 
factor favoring the spread of tuberculous infection. 
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THE USE OF METAPHEN-IN-OIL IN PULMONARY 
CAVITATION! 


M. JACOBS 


The incidence of pulmonary cavitation, an ultimate result of the 
destructive process of a tuberculous invasion, shows clearly the insuff- 
ciency of phthisiotherapists in treating pulmonary tuberculosis. Since 
pulmonary tuberculosis is frequently a disease of insidious onset and of 
misleading symptoms the appearance of cavitation often marks the 
beginning of a tragedy whose progress will be measured by months and 
years. 

In recent years, phthisiotherapists have added to their armamentarium 
the aid of surgery. Artificial pneumothorax, phrenicotomy and phreni- 
cectomy, pneumolysis, paraffine injections and thoracoplasty have marked 
a great advance in the treatment of pulmonary tuberculosis, and have 
added many years to the span of life of patients, who would have been 
doomed to a very short existence if these surgical procedures had not been 
available. 

The progressive softening of small or medium-sized cavities without 
many adhesions has been arrested and the cavities collapsed with ordi- 
nary artificial pneumothorax. Some cavities have totally disappeared 
with phrenicectomy alone. The closed pneumolysis method of Jacobaeus 
has helped many cavities to collapse, and disappear totally after the 
strings of adhesions, which kept the cavities open, have been severed. 
Large cavities, associated with infiltration and destruction of almost an 
entire lung, have been completely healed by thoracoplasty. But these 
surgical procedures cannot be applied to every case of pulmonary tuber- 
culosis. With bilateral lesions, or with the disease in a markédly ad- 
vanced stage, the case is often entirely hopeless, and one’s only recourse 
is the symptomatic treatment available at present. The healing of 
cavities may be greatly embarrassed because of the stagnation of their 
contents, which are easily accumulated and difficult to eliminate. In 
many cases cough is extremely annoying and sputum very profuse, 
amounting occasionally to several glasses within twenty-four hours. 


1 From the Eagleville Sanatorium, Eagleville, Pennsylvania. 
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In advanced cases, not only do we have cavitation, but we encounter 
many patients who have marked bronchiectasis. This secondary result, 
in addition to the original pathological process, will often present a 
clinical picture similar to that seen in lung abscess or bronchiectasis. 
Expectoration, when a predominant symptom, may be a salutary phe- 
nomenon in these cases, and should be encouraged unless very profuse. 
It is then nature’s “external drainage,” as emphasized by Faulkner (1). 

The cough should be controlled if possible, and without the use of 
anodynes, except in severe cases when it produces cardiac embarrass- 
ment, or when it is so annoying that it is trying to the patient. 

The administration of drugs now known for the alleviation of the 
above symptoms is of little value, when we prescribe ammonium chloride, 
creosote, creosote carbonate, mercury, expectorants and demulcents. 
Each year new drugs are added and old ones discarded. How drugs can 
stimulate the cilia of the bronchi is beyond comprehension. Some drugs 
may influence the cough-centre reflex, or may act psychologically upon 
the patient, but recent investigations show that there are no drugs which, 
when given fer os, will be able to eliminate the thick and tenacious mucus 
and secretions from trachea or bronchi. 

Manipulation of the tracheopulmonary tract by bronchoscopy, col- 
lapse therapy, and chest surgery proves that the respiratory apparatus is 
no longer a noli-me-tangere organ of the human body. Therefore, in 
cases in which the diseased lung behaves like one undergoing suppuration, 
it should be similarly treated. 

The excellent results obtained with campiodol, an iodized rapeseed oil, 
recently employed by Frazier, Glazer (2) and Raiziss (3) in the treatment 
of nontuberculous chronic bronchitis, bronchiectasis, lung abscess, etc., 
suggested the idea of using a similar method in the treatment of pulmon- 
ary tuberculosis. In this disease, campiodol or any iodized oil should not 
be administered. Its iodine content makes it unsafe in tuberculosis 
and its use should be discouraged. Therefore, I have had recourse to less 
dangerous drugs, such as calcium gluconate, creosote guiacol and mer- 
cury. 

Aqueous solutions proved to be too irritating to the lung tissues. On 
the contrary, these medicaments when dissolved in oil, are best tolerated 
by the tracheobronchial tract. Rapeseed oil, obtained from Brassica 
campestris and Brassica rapa, is the most satisfactory. Although the 
drugs which I have dissolved in the oil could not be visualized by the 
roentgen-ray, under the fluoroscope, while being introduced into the lung, 
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they were seen seeping into the cavity and into the bronchiectatic dila- 
tations. 

Metaphen, a mercury compound, discovered by Raiziss (4) (5), and 
prepared by the Dermatological Research Laboratories seemed the most 
adaptable in answering my purpose. 

Metaphen-in-oil, which is an oil-soluble form of metaphen, has a very 
low viscosity, and flows freely through a fine needle. We do know that 
metaphen-in-oil is used in the urethra and has a very high germicidal 
action. It is also used in irrigating nasal cavities without producing 
any irritation to the mucous membrane. 

A thorough study of the bactericidal effect of metaphen solutions on 
tubercle bacilli showed the following: 


A heavy growth of tubercle bacilli on Petroff egg medium was used. A suspen- 
sion of the bacilli, removed from the medium, was prepared in sterile salt solu- 
tion and shaken with glass beads in a shaking machine for fifteen minutes. It 
was then filtered through absorbent cotton, to remove any clumps and diluted 
to tube No. 10 of the nephelometer. Equal parts of the drug were then added 
to the suspension of bacilli, and two 4-mm. loops were subcultured on Petroff 
egg medium at different periods, during which the bacilli were exposed to the 
various dilutions of the drug. Suspensions of the tubercle bacilli in salt solu- 
tion were used as controls. 

From the table below, it is seen that the bacteria exposed to metaphen, 
1:3000, were destroyed after five to twenty-four hours’ contact; metaphen, 
1:5000, destroyed the bacteria after twenty-four hours’ contact. Growths 
were obtained with salt solution, used as a control, after five and twenty-four 
hours’ contact. These subcultures were observed for several weeks. 


Bactericidal effect of metaphen on tubercle bacilli 


TIME OF OBSERVATION 


DILUTION . Days 


4 


1:3 ,000 { 


1:5,000 


cle bacilli in salt 
solution as controls 


Suspension of tuber- | 
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Animal experimentation with metaphen-in-oil proved that a rabbit can 
tolerate it per os in doses of 30 mgm. of pure drug per kilo body weight; in 
other words, 150 cc. per kilo of a 1:5000 solution of metaphen-in-oil. We 
can easily see that a patient of ordinary weight, approximately 60 kg., will 
tolerate more than 150 cc. of the 1:5000 solution. Therefore, when 10 
cc. of it is used, the margin of safety is large. The amount of metaphen 
in each 5 cc. of metaphen-in-oil, 1: 5000, is equal to 1 mgm. of metaphen. 

We have observed the following action of metaphen-in-oil on tubercu- 
lous sputum: 


Specimens of thick viscid sputum were treated with metaphen-in-vil, 1:5000. 
Previous to this treatment the test-tubes containing the sputum were inclined 
downward at an angle of about 45°. Within a half-hour the sputum had 
traversed but one inch of the length of the test-tube. On immediate contact 
with the metaphen-in-oil, no marked alterationin the consistency of the sputum 
was noted. After afew minutes’ contact, however, the flow of the sputum was 
greatly accelerated, apparently because of the oiled surface along which the 
sputum flowed. After a longer period of contact, fifteen minutes to half an 
hour, there was evidence that the oil was flowing between the sputum and the 
walls of the vessel, detaching the former and converting it into a single globular 
mass coated by oil. This newly formed mixture flowed very readily. No 
emulsification was noted. It would appear, therefore, that the physiochemical 
effect of this medication consists in providing for a freer gliding surface for 
viscid material contained in lung cavities, facilitating its egress in coughing, 
particularly if postural drainage be instituted. With longer contact it would 
appear possible that metaphen-in-oil separates the mucopurulent material 
from the walls of lung cavities, and further favors its expulsion in large dis- 
crete globular masses. By exposing the lining of the walls of a cavity, a more 
direct contact is permitted between them and the bactericidal substance present 
in the oil administered. 

The method of introducing the oil is similar to that I have advocated in the 
intrapulmonary treatment of bronchiectasis and lung abscesses by the use of 
campiodol (6). A trained otolaryngologist is not required. The treatment is 
not dangerous and calls only for a number of applicators and one syringe. 
With the patient in a sitting position with head back, an applicator saturated 
with a 4 per cent solution of cocaine is appled to the anterior pillars, the base 
of the tongue and the palate, also the posterior wall of the pharynx. After 
this is done, another applicator with the cotton saturated with cocaine solution 
is pressed against each anterior pillar and held for several minutes. Some of 
the cocaine solution drips down into the larynx, and anaesthetizes the larynx 
and trachea simultaneously. The patient is then unable to swallow. With the 
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method we abolish the swallowing reflex and also anaesthetize the upper respira- 
tory tract. An ordinary syringe without cannula, filled with metaphen-in-oil 
is placed at the base of the tongue, and the patient is inclined toward the side 
which is to be injected. The patient is told to inhale deeply, and to avoid 
coughing. Immediately after the patient has been anaesthetized, he is placed 
behind the fluoroscopic screen. The oil is injected at this time. It is impor- 
tant to note that if the patient has already had a tonsillectomy, it takes longer 
to anesthetize him because of scar-tissue formation. 

The dosage introduced into each lung isfrom5to10cc. After the injection 
of metaphen-in-oil, the patient expectorates freely, the cough is not irritating, 
and the majority of patients report a diminished secretion after three or four 
treatments. Patients, having previously expectorated 240 ce. of sputum during 
twenty-four hours, found the amount of sputum reduced from 30 cc. to 60 cc. 
after several treatments. These patients slept better and were not annoyed 
with the usual morning cough. The number of tubercle bacilli in the sputum 
diminished, and in one case the sputum became negative. In the 100 treat- 
ments given, we have observed no untoward effects in the administration of 
metaphen-in-oil, and no occurrence of haemoptysis, or gastric or renal dis- 
turbances, which we may expect with mercury intoxication. 


All the cases were hopeless adult patients, with advanced tuberculous 
lesions throughout both lungs, and with cavities on both upper lobes and 
marked bronchiectasis at both bases. On introducing the metaphen we 
could easily see the oil seeping into the cavities and air-passages. One 
hour after each treatment, the patient was put into postural-drainage 
position, suitable for each case. 

We now present several typical cases to illustrate the results obtained 
by the use of metaphen-in-oil: 


Case 1: Female, white, age 30, sick for several years. Diagnosis: Far- 
advanced pulmonary tuberculosis, involving entire left lung and right upper 
lobe, with large cavity in left upper lobe and smaller cavity in right upper. 
Bronchiectasis at both bases. Complaints: Very distressing cough; expectora- 
tion amounting to 200 cc. during twenty-four hours; temperature ranging 
between 103° and 104°; pulse and respiration rapid; sputum thick and greenish. 

After instituting second treatment, cough diminished; amount of expec- 
toration reduced to 30 cc. during 24 hours, and patient’s sleep was undisturbed. 
Temperature, pulse and respiration became normal. Patient presented 
appearance of greater comfort since the treatments have been instituted. 
Eight weekly treatments were given with 10 cc. of metaphen-in-oil into each 
lung. Each treatment followed by postural drainage. 
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Case 2: Male, white, age 52, sick for fifteen years. Diagnosis: Bilateral pul- 
monary tuberculosis, involving both upper lobes, with cavitation on each side. 
Bronchiectasis at both bases. Sputum presented 6 to 8 tubercle bacilli per 
field. Complaints: Very annoying cough, mostly at night; severe pain in 
chest and back; expectoration of green tenacious sputum, amounting to 120 cc. 
during twenty-four hours; pulse and respiration rapid, temperature ranging 
between 100° and 101°. 

Ten cubic centimetres of metaphen-in-oil were introduced into each lung. 
After each treatment patient given postural drainage. Although patient 
refused further treatments, symptoms subsided, and sputum, which was posi- 
tive for fifteen years, has now been negative for last three months.” 


Case 3: Male, white, age 45, sick for many years. Diagnosis: Far-advanced 
pulmonary tuberculosis, with cavities in each upper lobe. Complaints: Cough 
and expectoration of great amount of sputum, mostly at night; temperature 
elevated, pulse and respiration rapid; sputum thick and greenish, amounting 
to from 40 to 50 cc. in twenty-four hours, and showing 5 to 8 tubercle bacilli 
per field. 

After introduction of 10 cc. of metaphen-in-oil into each lung, color of sputum 
became white, cough was less distressing, and sputum was very easily brought 
up. Although amount of sputum was not diminished, the number of tubercle 
bacilli was diminished to one per field, and in some specimens tubercle bacilli 
could not be found. 


Case 4: Female, age 32, in the sanatorium for several years. Diagnosis: 
Advanced pulmonary tuberculosis, with large cavities in each upper lobe 
and with marked bronchiectasis throughout both bases. 

The patient was given eight weekly treatments of 10 cc. of metaphen-in-oil, 
1:5000, with result that coughing became easier and expectoration more free. 
The case, however, had already progressed too far, and the patient died as a 
result of advanced pathological changes. 


Case 5: Female, white, age 23, sick for two years. Diagnosis: Bilateral pul- 
monary tuberculosis, involving entire right upper lobe, apex of the right middle 
lobe and upper third of left upper lobe. Cavity in right upper and in right 
middle lobe. Complaints: Cough, and expectoration of green, thick mucus, 
amounting to from 83 to 90 cc. in 24 hours, and showing three to four tubercle 
bacilli per field. 

After several treatments of 10 cc. of metaphen-in-oil were given into each 


* According to our roentgenologist, the pulmonary cavities healed by fibrosis, and at 
this writing his sputum is free from tubercle bacilli and symptoms such as cough, tem- 
perature, etc., have entirely disappeared. 
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lung, cough and sputum diminished. Patient felt better; appetite improved; 
and temperature, pulse and respiration became normal, although the sputum 
is still positive. 


The pulmonary administration of metaphen-in-oil or of any therapeutic 
agent in oil has some contraindications; hence we were cautious in the 
selection of our patients, realizing fully the dangers which attend any 
enthusiastic but indiscriminate employment of a new remedy. We do 
not recommend this treatment on any patient who has had a recent 
haemoptysis. A septic temperature is no contraindication to the treat- 
ment unless there is an acute tuberculous consolidation. 


SUMMARY AND CONCLUSIONS 


Collapse therapy and thoracoplasty constitute the only rational treat- 
ment in the management of pulmonary cavitation. In the far-advanced 
and inoperable cases, external drainage should be encouraged. This can 
be accomplished by intrapulmonary medication with different drugs dis- 
solved in oil, which should be followed by postural drainage. With this 
method, the expectoration is mechanically facilitated and reduced. 
The cough is diminished and the temperature, pulse, and respiration are 


greatly improved. Thus far in my experience, metaphen-in-oil, 1:5000 
solution, has proved to be the best available agent. It has antiseptic 
properties, and it is nontoxic and nonirritating. 


I wish to express my indebtedness to Drs. George W. Raiziss, M. Severac, David R. 
Meranze and T. Frank Marnell, for their splendid codperation. 
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THE USE OF THE ARTIFICIAL-PNEUMOTHORAX 
APPARATUS DURING THORACOPLASTY 


Report of a Case with Tuberculous Empyema and Pneumothorax! 


CAMERON HAIGHT 


Attention is called to the advantage with which the artificial-pneumo- 
)rax apparatus may be employed when paravertebral thoracoplasty is 
rformed in the presence of a closed pneumothorax. Following col- 
»se of the chest-wall, an increase in the intrapleural pressure may re- 
lt in a shift of the mediastinum to the opposite side, with consequent 
mptoms of respiratory or circulatory embarrassment. A continuous 
r gulation of the intrapleural pressure throughout the operative pro- 
dure should prevent such a complication. 
In the following case of tuberculous empyema with pneumothorax, an 
increase in the intrapleural pressure occurred during a second-stage 
ioracoplasty. The patient became dyspnoeic and she showed pro- 
iounced signs of surgical shock. The prompt lowering of the intrapleu- 
ral pressure by withdrawal of air from the pleural cavity corrected a 
ondition which might otherwise have proved fatal. 


Case Report 


Mrs. C. D., age 26, referred by Dr. W. F. Morriss of Gaylord Farm Sana- 
torlum, was admitted August 25, 1930, with diagnosis of tuberculous empyema 
on the left side of two years’ duration. The empyema had resulted from a 
spontaneous pneumothorax which occurred on August 11, 1928. 

Frequent thoracenteses were at first required for the withdrawal of air and 
luid, which was cloudy and contained numerous tubercle bacilli. Later only 
luid was removed, and air was substituted to maintain the collapse of the lung, 
in the lower lobe of which a large abscess-cavity had previously been observed. 
The patient’s general condition gradually improved. 

On January 18, 1929, gomenol therapy was instituted, and complete col- 
apse of the left lung was obtained. In December, 1929, the patient expecto- 

ied small amounts of the oil at intervals; consequently it was necessary to 


‘From the Department of Surgery, Yale University School of Medicine, New Haven, 
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discontinue the oleothorax and to replace the oil and pleural fluid with a 
Subsequently the pleural exudate became thick and purulent, and thorace 
tesis was required at monthly intervals. Tubercle bacilli were always prese 


Fic. 1. Roentgenogram on admission showing complete left pneumothorax with a faint! y 
discernible fluid level up to the tenth rib posteriorly. 


in the exudate, but no secondary infection developed. A small amount « 
sputum was raised, but during the several days preceding each thoracentes 
the amount was considerably increased. This observation and the fact tha 
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1enol had appeared in the sputum suggested the presence of a broncho- 
iral fistula. 
‘xamination on admission to the New Haven Hospital showed a well- 
eloped and very well-nourished woman of 26, who did not appear acutely 
The left side of the chest did not move on respiration, and the ribs were 
wn together, especially at the base. On percussion, flatness extended up 
he angle of the scapula and fremitus was absent over this area. The upper 
tion of the left chest, especially anteriorly, was hyperresonant. Breath- 
nds were inaudible over the entire left chest. The right lung was essentially 
mal. The heart occupied a normal position, and the sounds were regular 
, of good quality. The blood-pressure was 120 systolic, 76 diastolic. 


<ventgenographic examination on admission (figure 1) showed a complete 


»umothorax on the left side, with a small pleural effusion and considerable 


hickening of the pleura in the lower portion of the chest. There was no in- 


iration of the right lung, nor any displacement of the heart and mediasti- 
m. The diagnosis of tuberculous empyema, pneumothorax and broncho- 


yieural fistula was made. 


First-stage thoracoplasty, with removal of the sixth to eleventh ribs inclu- 


ive, was performed under avertin anaesthesia by Dr. Samuel C. Harvey, on 


igust 27, 1930. Despite the long-standing empyema, there was some ex- 


ursion and collapse of the chest-wall following removal of the ribs. A fall in 


e blood-pressure to 80 systolic and 60 diastolic and a rise in the pulse-rate to 


48 per minute occurred temporarily during the latter part of the procedure. 
As the patient was regaining consciousness from the anaesthesia, she expecto- 
ated a large quantity of thick yellow sputum, which was thought to have come 


om the pleural cavity. Four hours after operation the pulse-rate increased 


o 150 per minute, the blood-pressure dropped to 80 systolic, the respiratory 
ate increased to 48 per minute and the patient became cyanotic. She was 
aced in shock position and oxygen was administered, first by inhalation and 
ater by means of an oxygen tent, following which her condition rapidly 
mproved. 


On the fourteenth postoperative day an infiltration of the right lung, ex- 
nding from the fifth to the eighth rib posteriorly, was noted on roentgeno- 
aphic examination. During the succeeding weeks, the infiltration cleared 
dno further spread occurred. On September 17, 1930, the vital capacity was 
per cent normal (1200 cc.). The pleural exudate increased rapidly, dis- 
icing the heart and mediastinum to the right and causing considerable 
‘spnoea. Methylene blue, injected into the pleural cavity, did not appear 
the sputum, showing that the bronchopleural fistula had apparently closed. 
n October 10, 1930, 180 cc. of air was withdrawn from the chest, lowering the 
trapleural pressure from plus 0.5 to minus 5.5 cm. of water. The patient 
perienced considerable respiratory relief following the procedure. The 
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pneumothorax pressure readings seemed an added indication that the bronch 
pleural fistula had closed. Roentgenographic examination (figure 2) 
October 13, 1930, showed the fluid-level to have risen to the eighth intercos! | 


Fic. 2. Roentgenogram previous to the second-stage thoracoplasty; only the upper fi 
left ribs are present; the fluid level is at the eighth intercostal space. 


space posteriorly and that a further clearing of the infiltration in the right lur 
had occurred. 
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IV 

Fic. 3. Sections of a continuous tracing of the intrapleural pressures during the second- 
ige thoracoplasty: removal of the fourth and fifth ribs. 

I. The mean pressure varied between minus 1 and minus 2.5 cm., while the incision was 
ing made and carried down to the ribs. 

IT. A rise of mean pressure to zero occurred after resection of the fifth rib. 

III. The intrapleural pressure rose to plus 1 (A) while the fourth rib was being freed from 
periosteum. Irregularity of respirations commenced. Resection of the fourth rib (B) 
\s followed by a rise of pressure to plus 4.5 cm., together with concomitant respiratory and 
culatory embarrassment Reduction of the intrapleural pressure to zero by withdrawal 
50 cc. of air (C) resulted in a prompt improvement of the patient’s condition. 

IV. While the wound was being closed, the pressure was plus 0.5 cm. and the respiratory _ 
te was 14 per minute. 
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The second stage of the thoracoplasty was performed under novocain 
anaesthesia on October 14, 1930, at which time removal of the remaining upp: 
five ribs was planned. Since the bronchopleural fistula had apparently close 
it was feared that a shift of the mediastinum might result from a further co 
lapse of the chest-wall. At the suggestion of Doctor Harvey, observations « 
the intrapleural pressure during the operation were made by means of tl 
pneumothorax apparatus. A kymographic record of the pressures throughoi 
the operation (figure 3) was also obtained (1). The pneumothorax need 
was introduced anteriorly in the second interspace. The initial mean pre 
sure was plus 3 cm. of water; this was reduced to minus 1 cm. of water by tl! 
withdrawal of 85 cc. of air. During the early part of the operation the mea 
pressure varied between minus 1 cm. and minus 2.5 cm. of water. Resectio 
of the fifth rib was followed by a rise in the mean pressure to zero; after freeir 
the fourth rib of its periosteum, the pressure was plus 1 cm. of water. At th 
time a slight irregularity of the respiratory rate occurred. Following resectic 
of the fourth rib, the intrapleural pressure had increased to plus 2 cm. of wate 
and during a three-minute interval, while the ends of the fourth rib were being 
rongeured, the pressure rapidly increased to plus 4.5 cm. of water. The pulse- 
rate, which previously had been 160 per minute, suddenly increased to about 
200 per minute and the systolic blood-pressure simultaneously dropped from 
102 mm. to zero. Although the respiratory rate was only slightly increased 
to 26 per minute, the respirations became irregular and shallow and the pa- 
tient complained of difficulty in breathing. She became pale and slightly 
cyanotic, and her condition appeared to be critical. By the withdrawal of 
50 cc. of air from the pleural cavity, the mean pressure was lowered from plus 
4.5 cm. of water to zero, and with it a dramatic improvement in the patient’s 
condition occurred: the dyspnoea subsided, the respiratory rate decreased 
to 17 per minute, the pulse-rate dropped to 162 per minute, and the blood- 
pressure increased to 112 systolic and 88 diastolic. Removal of the upper three 
ribs was postponed to a later date. The final mean pressure during suturing 
of the skin fluctuated between zero and plus 1. After the completion of the 
operation the patient was turned from the lateral to the supine position, and 
the mean pressure was reduced to minus 5 cm. of water by withdrawing 175 cc. 
of air. Four hours after operation the pulse-rate had decreased to 120 pe 
minute. The postoperative recovery was very satisfactory: there was n: 
dyspnoea and the systolic blood-pressure remained elevated above 100 mm 

During the first week after operation the daily sputum varied from 2 t 
8 gm. On the eighth postoperative day the output suddenly increased t: 
38 gm. and it remained elevated, between 20 and 30 gm. It was thus felt tha 
the bronchopleural fistula had reopened. On October 30, 1930, the vita 
capacity was 35 per cent of normal (1100 cc.). On November 1, 1930, : 
thoracotomy was performed to provide open drainage of the empyema. Fou 
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. eks later left phrenicectomy was done, to reduce the size of the empyema 


ity. Because of the development of an acute cystitis, resection of the 
iaining upper three ribs was postponed until January 31, 1931. The pa- 
it returned to Gaylord Farm Sanatorium on February 21, 1931, with the 
pyema tube in situ. 


COMMENT 


When thoracoplasty is performed in the presence of a closed pneu- 
‘thorax, it is necessary to withdraw the air from the pleural space 
fore an optimum collapse of the chest-wall is obtained (Head (2)). 
though the air may be removed prior or subsequent to thoracoplasty, 
e preferable time would seem to be during the operation with the aid 
the pneumothorax apparatus. A twofold purpose is thus accom- 
ished: first, the pneumothorax pressure may be controlled by the with- 


'rawal of air, should a rise in pressure occur; and, second, on completion 
i the operation, the pneumothorax may be reduced as desired or abol- 


shed entirely. 


The use of the pneumothorax apparatus as a precautionary measure 


appears to be most advisable in patients with pneumothorax and a low 


‘ital capacity. In such patients a shift of the mediastinum to the 


)pposite side may further decrease the vital capacity. Regulation of 


he intrapleural pressure with the pneumothorax apparatus during the 


against respiratory and circulatory embarrassment. 


peration should prevent a shift of the mediastinum, and safeguard 


SUMMARY AND CONCLUSIONS 


A case of tuberculous empyema with pneumothorax is reported, in 


vhich an increase in the intrapleural pressure during the second-stage 
thoracoplasty resulted in marked respiratory and circulatory embar- 


ssment. Prompt lowering of the intrapleural pressure by withdrawal 
air from the pleural cavity relieved the condition which might other- 


\ ise have proved fatal. 


The routine use of the pneumothorax apparatus during thoracoplasty 
cases of closed pneumothorax is suggested. By regulation of the 


' trapleural pressure during the operation, it is possible to obviate a 


uft of the mediastinum and consequent respiratory and circulatory 
nbarrassment. Furthermore, on completion of the operation, an opti- 
um collapse of the chest-wall may be attained by decreasing the pneu- 
othorax as desired or by abolishing it entirely. 
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THE PRESENT STATUS OF THE SKIN REACTION IN 
TUBERCULOUS AND NONTUBERCULOUS 
SUBJECTS: 


E. S. MARIETTE anp E. P. K. FENGER 
In collaboration with 
ELMER H. FUNK,? F. M. HUNTOON AND H. J. WHITE* 


This report covers the skin reactions of approximately four thousand 
individuals to an injection of Old Tuberculin on the right arm and a new 
substance, a protein known as MA100, on the left arm. It was carried 
out as part of a codperative research plan of the Medical Research 
Committee of the National Tuberculosis Association. It also includes 
the report of 1,202 individuals, 39 years of age or younger, composed of 
school-children and plantation inhabitants, tested with Old Tuberculin 
last summer by Dr. Aronson of the Phipps Institute under a grant from 
the Rockefeller Foundation. 

The figures of Funk, Huntoon and White cover the skin reactions of 
887 individuals, tested at the Jefferson and Pennsylvania Hospitals in 
Philadelphia and the White Haven Sanatorium at White Haven, Pa. 
The report of Mariette and Fenger is based on the skin reactions of 
3,454 individuals, and is composed of the following groups: (1) patients 
and employees, including nurses of Glen Lake Sanatorium and the 
tuberculosis unit of Ancker Hospital; (2) a general population group of 
medical students of the University of Minnesota, nurses in general 
hospitals in Minneapolis and school-children in rural Hennepin County. 
The Ancker Hospital group was tested by us through the courtesy of Dr. 
Fred Carter, Superintendent of Ancker Hospital, and Dr. Everett K. 
Geer, Medical Director of the Tuberculosis unit; the medical students 
of the University of Minnesota were tested through the courtesy of Dr. 
Harold Diehl, Director of the Students’ Health Service at the University 


1 Presented at the 26th annual meeting of the American Sanatorium Association, Syracuse, 
New York, May 11, 1931. 

2 From the Glen Lake Sanatorium, Oak Terrace, Minnesota, and the Department of 
Medicine, University of Minnesota. 
3 Philadelphia, Pennsylvania. 
‘ White Haven, Pennsylvania. 
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of Minnesota. The nurses in the general hospitals of Minneapolis and 
the school-children of rural Hennepin were tested as part of the regular 
work of the Out-Patient Department of Glen Lake Sanatorium, of which 
Dr. D. R. Hastings is director. This department regularly tests about 
1,800 individuals annually in the territory served by the Sanatorium. 

These various studies carried on in the East, the Middle West and the 
South have been pooled in order to make a codperative report of the 
comparative value of the various substances used in the skin test. 

The new substances reported on are proteins, one of the metabolic 
products of the acid-fast bacillus, which causes the skin reaction in the 
tuberculous. They were obtained from different types of tubercle 
bacilli and the timothy-grass bacillus. This protein is identical with 
the original tuberculoprotein isolated by Seibert (1). The method of 
preparation, however, has been modified by Masucci and McAlpine (2), 
so that it is applicable to commercial production. The bacilli were grown 
on Long’s medium, which is a synthetic medium of fixed-standard com- 
position. Inasmuch as it is protein-free before culture, all the proteins 
found in the medium after the growth of the bacteria must have been 
produced from the metabolic activities of the latter. After the bacilli 
have been removed by filtration through a Berkefeld filter, the protein is 
precipitated from the medium at a given isoelectric point by glacial 
acetic acid, so that identical substances are constantly brought down 
from the medium solution. Thus in its preparation it has not been sub- 
jected to any denaturing process with heat or chemicals. The substance 
thus obtained was designated MA100, in conformity with the Johnson 
chart for chemical analysis of the tubercle bacillus and numbers assigned 
to Mulford and Company (3). (Chart 1.) The same kind of substance 
can be produced by the same method for each bacillus studied. Four 
types of acid-fast bacilli were used, namely, the human, the bovine and 
avian types of tubercle bacillus and the timothy-grass bacillus. The 
proteins obtained have been designated as MA100 Human, MA100 
Bovine, MA100 Avian, and MA100 Timothy. The origins of the bacilli 
are as follows: The human bacillus is the well-known H37 Saranac Lake 
strain. The bovine strain was isolated by Professor Vallée at Alfort 
and given to Dr. White. It is of known virulence for calves and rabbits. 
The avian strain was isolated by Dr. Von Es and sent to the Medical 
Research Committee. It is of known virulence for rabbits and fowls. 
The timothy grass was the original Moeller strain, transmitted to the 
Medical Research Committee through Drs. Baldwin and Aronson. All 
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of these strains were chosen because of the knowledge of their cultural 
characteristics and pathogenicity as base-line strains to be used for 
further comparison in chemistry, biological activity of isolated fractions 
and pathogenicity, with strains chosen for study at a later time. They 
are all stock strains at the Glenolden Laboratory of Sharp and Dohme 
and at the National Institute of Health (4). 

The Old Tuberculin used by Funk, Huntoon and White and Mariette 
and Fenger for comparison with the new substances was furnished by 
Dr. Dorset of the Bureau of Animal Industry. Three strains of tubercle 


, Longs Protein-free Synthetic Media 
Acid fast Nifrogenous Non-Nitrogenous 
Bacillus Whole Asparagin Glycerine 


Ferric, Ammonium Water 
IF iltered] 


Citrate 
Bacteria Filtrate 


(Sugars) 


[Defatted Bacteria] [Non-dialyzabie] 
} 


(Non-Protein Nitrogen] 


{Aicohol-Ether Extraction | 


Phosphatids Proteins Vitra Filtrate M.2.100 304 F 
Fats Polysaccharids ‘Seibert | Sat. Ammonium Sat Ammonium 
Waxes Nucleic Acid Protein Sulphate ppt raped on 
Polysaccharids Non-protein Albumoses Alcohol ppt. Purified by dialysis 
etc. Nitrogen Polysaccharids Isoelectric ppt. Protein 
etc. etc. Proteins Albumoses 
Polysaccharids 


1. CHemricaL Stupy OF AcID-FAST BACTERIA 


etc.—split products of the substances mentioned above 

ppt.—precipitate 

sat.—saturated 

Modified from the Chart published on page 238 of the Journal of Immunology, August, 
1930, xix, by Funk and Huntoon, which is based on the original chart of Johnson and 
Anderson published in the Transactions of the National Tuberculosis Association, 1928, insert 
following 252. (By permission.) 


bacilli were used in the preparation of this tuberculin: 1: Human type 
strain no. 120: This is a vigorous-growing virulent strain, which has been 
under cultivation on artificial media in these laboratories for nearly 40 
years. It was obtained by the late Dr. de Schweinitz from Dr. Trudeau 
of Saranac Lake. 2: Human type strain C: This strain is identical with 
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strain 120 except that it was obtained from a guinea pig infected with 
strain 120. 3: Strain D. T.: This human-type strain was isolated by 
Dr. Dorset from a case of pulmonary tuberculosis in a 5-year-old child 
in 1902. It was virulent for guinea pigs when last tested (5). The Old 
Tuberculin used by Dr. Aronson was prepared from a human strain of 
tubercle bacilli and was standardized by means of the intracutaneous 
test on tuberculous guinea pigs for potency at the Phipps Institute with 
Dorset’s Old Tuberculin (6). Therefore, the reactions obtained with 
this tuberculin can be safely compared and checked with those obtained 
with Dorset’s Old Tuberculin and the various MA100 proteins. 

Old Tuberculin, as it is now marketed, is standardized on the basis of 
the minimum dose required to kill a tuberculous guinea pig. It has 
recently been shown, however, that Old Tuberculin contains a polysac- 
charide which is equally as lethal for tuberculous guinea pigs as is the 
acid-fast bacillary protein, but it produces no reaction when injected into 
the skin of tuberculous animals. Thus, standardizing tuberculin on the 
basis of the minimal lethal dose tells us nothing about its skin-testing 
potency. As a consequence, Old Tuberculin is known to differ as much 
as 400 per cent in that respect. Lewis and Aronson have maintained 
for many years that a substance used for skin testing should be standard- 
ized on its skin-reacting potency rather than on its guinea-pig-killing 
potency. 

In determining the doses of the various testing substances to be used 
in this study, Old Tuberculin was diluted so as to give a certain skin 
reaction in tuberculous individuals. This was established at 0.000,01 cc. 
or, as it is commonly called, 0.01 mgm. The MA100 human protein was 
quantitatively diluted with normal saline solution to give the same skin 
reaction as that obtained with the established dose of Old Tuberculin. 
This proved to be 0.000,5 mgm. If the skin reactions to these doses were 
negative at the end of 48 hours, the test was repeated with double the 
original dose. This ratio was worked out by M. I. Smith (7) on animals, 
and verified by Morris (8) on a small number of human individuals, and 
later was confirmed by Funk and Huntoon (9) on some 500 cases. 

The study covered in this report may be divided into two parts: (1) a 
comparison of the skin reaction in human beings to Old Tuberculin and 
to the MA100 human protein in the doses worked out by Smith; and (2) 
a comparison of the skin reaction in human beings to Old Tuberculin and 
the MA100 protein prepared from the bovine and the avian tubercle 
bacilli and the timothy-grass bacillus. In this part of the study, as in 
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the first part, the dose of the MA100 protein used is that which will give 
a comparable skin reaction to that obtained with 0.000,01 cc. of Old 
Tuberculin. As was to be expected, this amount varied with the MA100 
protein obtained from each bacillus, that of the MA100 bovine was found 
to be 0.000,1 mgm., that for the MA100 avian proved to be 0.001 mgm.., 
while that for the MA100 timothy was established at 0.01 mgm. If the 
reactions to the above-mentioned doses were negative at the end of 48 
hours, the test was repeated with double the original dose. This is 
shown in table 1. The diluent for the MA100 proteins used in this 
study was normal saline solution. Thus the testing substance contained 
no phenol or glycerine. 

This study attempted to determine (1) whether the MA100 human 
protein is more sensitive and more selective than Old Tuberculin; (2) 
whether the doses used were safe or whether they would cause a dangerous 


TABLE 1 
Dosage used 


Tuberculin O. T. “Dorset:’”? Dose 0.05 = 0.000,01 cc. Commonly designated 0.01 mgm. 
MA100: Human Tubercle Bacillus Protein: 0.05 cc. = 0.0005 mgm. 

MA100: Bovine Tubercle Bacillus Protein: 0.05 cc. = 0.0001 mgm. 

MA100: Avian Tubercle Bacillus Protein: 0.05 cc. = 0.001 mgm. 

MA100: Timothy Bacillus Protein: 0.05 cc. = 0.01 mgm. 


If the reaction is negative at the end of 48 hours, repeat with double the dose. 


reaction; (3) whether the doses were large enough or whether they should 
be increased; (4) whether the reactions to the proteins isolated from the 
human, the bovine and the avian tubercle bacilli and the timothy-grass 
bacillus were specific in that they could be used to differentiate infection 
due to these bacilli; or (5) whether there is a protein substance common 
to all acid-fast bacilli, which, if given in large enough doses, will elicit 
the same general type of reaction as that obtained from Old Tuberculin. 

The Old Tuberculin used by Funk, Huntoon and White, and Mariette 
and Fenger was diluted under the direction of the Medical Research 
Committee of the National Tuberculosis Association at the H. K. Mul- 
ford Laboratories of Sharp and Dohme Company from stock Old Tuber- 
culin furnished by Dr. Dorset of the Bureau of Animal Industry. The 
various MA100 proteins were prepared at the Mulford Laboratories by 
Dr. John Reichel, under the direction of the Medical Research Com- 
mittee. Both substances, that is, Old Tuberculin and the MA100 pro- 
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teins, were sent to the physicians diluted and ready for use with the 
dosage specified. 

The technique used in making these injections was essentially the 
same as that used by Funk and Huntoon in their original study and is 
briefly as follows: Tuberculosis syringes of the Luer type are used with 
a 24-gauge, 2-inch needle, and the needle is attached to the syringe, so 
that the bevel is in a line with the graduations on the syringe. After 
filling the syringes, the anterior surface of the forearm is wiped with 
alcohol. The left hand of the operator is placed under the arm, so that 
the skin may be tightened over the area to be injected by traction on 
either side. The needle is then inserted into the skin, until the bevel is 
completely covered but can be dimly seen through the superficial layer 
of the skin. An injection of 0.05 cc. is then made, and the needle is 
withdrawn. When properly made, a small wheal, about 5 to 7 mm. in 
diameter, appears with practically no leakage. The arm is then again 
wiped with alcohol. In order to avoid mistakes, the right forearm is 
used for the injection of Old Tuberculin and the left forearm for the 
injection of the protein. If no reactions are apparent at the end of 48 
hours, a second injection is made, using 0.1 cc. of the same dilution or 
double the initial dose. 

Readings, 24 and 48 hours after injection, were also made in conformity 
with Funk and Huntoon’s technique. But the reactions were interpreted 
and classified into 1+, 2+, 3+ and 4+, according to the standards 
outlined by Chadwick and McPhedran in Childhood Type of Tuberculosis 
published by the National Tuberculosis Association. 

It was impossible to repeat the test on the school-children. Therefore, 
in preparing comparative tables including that group we have used 
results of the initial test only. In each of the other groups there was a 
certain number of negative reactors in whom for various reasons it was 
impossible to repeat the test. They were included in the tables analyz- 
ing the reactions to the initial dose. They were excluded from the 
tables based on both the initial and repeat doses. This will account for 
the apparent discrepancy in the total number of individuals tested in 
certain of the tables. 


1: Is the MA100 human protein more sensitive and more selective than 
O. T.? The sensitivity of the MA100 human protein was studied by 
comparing the reactions of 1,441 individuals tested by Mariette and 
Fenger and the reactions of 887 individuals tested by Funk, Huntoon 
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and White to simultaneous intracutaneous injections of this substance 
and Dorset’s O. T. in the doses specified. To make this study as com- 
prehensive as possible, it was decided to include general hospital patients 
and sanatorium patients, both adults and children; sanatorium employees 
ranging in age from 17 to 73; a general population group composed of 
nurses in general hospitals, medical students, and school-children in 
rural Hennepin County. The population of rural Hennepin County is 
made up of farmers, laborers, factory employees and Minneapolis com- 
muters. The results of these tests are given in tables 2 to 6 inclusive. 
The results of the entire series tested by Mariette and Fenger, in which 
the initial dose only is reported, are given in table 2, which shows that 
5.5 per cent more individuals reacted positively to the MA100 human 


TABLE 2 
Percentage of positive reactions: Initial dose only 


0.000,5 


0.000,01 cc.: 0. T. MA100 HUMAN 


Per cent | Number 


Number Per cent 
+ 


Sanatorium patients: 


67 61.5 69 63.3 109 
Sanatorium employees................... 37 37.0 42 42.0 100 
General population: 


58 27.2 85 39.9 213 


457 536 1,441 


protein than to Old Tuberculin. When each subdivision of this group is 
studied separately, we find that the percentage of the positive reactors 
is greater with the MA100 human protein than with Old Tuberculin. 
Table 3 is an analysis of the reaction of the sanatorium patients, 
both adults and children, to the initial and repeat doses of Old 
Tuberculin and the MA100 human protein. The adult patients have 
been divided into the clinically tuberculous and clinically nontuber- 
culous, and the sanatorium children have been considered as one unit. 
Considering this group as a whole, 9.4 per cent more individuals re- 
acted positively to the MA100 human protein than to Old Tuberculin. 
If we consider only the adult patients with clinical tuberculosis, we 
find that 92 per cent reacted positively to the MA100 human protein 
as against 81.2 per cent reacting positively to Old Tuberculin, or 


NUMBER 
TESTED 
Total 
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10.8 per cent more reacted positively to the protein than to Old Tuber- 
culin. The sanatorium children’s group is composed of children cared for 
in the Summer Camp and the Children’s Building. In both instances 
a child must have a positive tuberculin test before he can be admitted 
to either unit. The only exceptions to this rule are the babies born at 
the sanatorium. These are separated from their mothers at birth and 
are cared for in this building. In spite of this entrance requirement, 
only 77.8 per cent of the sanatorium children reacted positively to the 


TABLE 3 
Sanatorium patients: percentage of positive reactions 


0. 2. mA100 HUMAN 
I. D. = 0.000,01 cc. 1. D. = 0.000,5 mcm. 
R. D. = 0.000,02 cc. | B.D. = 0.001 mcm. TOTAL 


NUMBER 
TESTED 


Number | Percent | Number | Per cent 
+ + 


Sanatorium adults, clinically tuberculous.} 255 
Sanatorium adults, clinically nontubercu- 


327 


TABLE 4 
Sanatorium employees 


oO. MA100 HUMAN 
0.000,01 cc. I, D. = 0.000,5 mcm. 
0 


.000,02 cc. | B.D. = 0,001 mcm. TOTAL 
NUMBER 


TESTED 


Per cent | Number 


Per cent 
+ 


70.0 9 90.0 10 
66.1 46 78.0 59 


55 79.7 69 


66.7 


protein and only 75.6 per cent reacted positively to Old Tuberculin; or 
2.2 per cent more to the protein than to Old Tuberculin. The analysis 
of the results of the sanatorium employees tested with both initial and 
repeat doses is given on table 4. In this case there were 13 per cent 
more positive reactors to the MA100 human protein than to the Old 
Tuberculin. In the general-population group (table 5) we have con- 
sidered only the initial doses because it was impossible to repeat our tests 
on the school-children. In the adult group 12.7 per cent more individuals 
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i Sanatorium children —__ 68 75.6 70 77.8 90 
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reacted positively to the MA100 human protein than to Old Tuberculin. 
This is in contrast to the children’s group in which only 1.6 per cent more 
reacted positively to the MA100 human protein than to the Old Tuber- 
culin. If we consider this group as a whole, we find that 4.2 per cent 
more reacted positively to the MA100 human protein than to the Old 
Tuberculin. 

Funk, Huntoon and White have tested 887 individuals with both the 
initial and repeat doses of the human protein and Dorset’s Old Tuber- 


TABLE 5 
General population: initial dose only 


Oo. T. MA100 HUMAN 
0.000,01 cc. 0.000,5 mcm. TOTAL 
NUMBER 
TESTED 


Number | Percent | Number | Per cent 
+ + 


Adults 58 27.2 85 39.9 213 
Children 47 6.9 58 8.5 679 


105 11.8 143 16.0 892 


TABLE 6 


Comparison of percentage differences of positive reactors to O. T. and H37 MA100: Funk, 
Huntoon and White 


CLINICALLY TUBERCULOUS CLINICALLY NONTUBERCULOUS 


Number tested Per cent + Number tested Per cent + 


H37 MA100 protein 
I. D. = 0.000,5 mgm. 540 91.1 347 76.6 
R. D. = 0.001 mgm. 


Dorset’s O. T. 
I. D. = 0.000,01 cc. 
R. D. = 0.000,02 cc. 


1.5 7.2 


culin. The results of their tests are shown in table 6. When we con- 
sider the clinically tuberculous group, we find that 1.5 per cent more 
reacted positively to the human protein than to Old Tuberculin, while 
in the clinically nontuberculous group 7.2 per cent more individuals 
reacted positively to the protein than to the tuberculin. 

Thus, in the 2,328 individuals tested with MA100 human protein and 
the Old Tuberculin, whether it be in the series of Funk, Huntoon and 
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White, or of Mariette and Fenger, and whether it be with the initial dose 
only or with the initial and repeat doses, we find that more individuals 
reacted to the MA100 human protein than to Old Tuberculin. This 
condition is true whether it be in the known cases of tuberculosis or in 
the general-population group. Therefore, we believe we are warranted 
in concluding from these two studies that the MA100 human protein is 
a more sensitive testing substance than O. T. 


TABLE 7 


Severity of skin reactions on 3,454 individuals tested with O. T. and various MA100 proteins: 
initial dose 


TOTAL 


SUBSTANCE USED oe ++ +++ ++++ + NUMBER OF 
TESTS 


Ort: Number 468 492+ 0 1,358 | 3,295 
0.000,01 cc. Per cent 14.2 2 14.9 0 41.2} 100.0 


MA100 human Number 296 165* 0 643 | 1,600 
0.000,5 mgm. Per cent 18.5 10.3 40.2} 100.0 


MA100 bovine Number 115 96T 305 664 
0.000,1 mgm. Per cent 17.3 14.5 45.9} 100.0 


MA100 avian Number 145 96* 307 594 
0.001 mgm. Per cent 24.4 16.2 51.7} 100.0 


MA100 timothy Number 194 187t 501 755 
Per cent 25.7 24.8 66.4; 100.0 


Number | 1,218 860 1,036 3,114 | 6,908 
Per cent 17.6) 12.4 15.0 45.1 100.0 


* Indicates 3 reactions to the initial dose accompanied by lymphangitis and painful axillary 


lymph nodes. 

{ Indicates 4 blisters occurring with the initial dose in 3 individuals. In one a blister 
developed to both O. T. and timothy. 

Note: We have figured the percentage of positive reactors against the total number of tests 
rather than against the total number of positive. 


2: Are the doses recommended safe or are dangerous reactions encoun- 
tered? In attempting to answer this question we have compared the 
reactions to the initial doses of O. T. and the different MA100 proteins 
on 3,454 individuals (table 7). The reaction to the initial dose alone is 
considered, because it was impossible to repeat the dose in the school- 
children. However, in those individuals in which it was used there were 
no disagreeable or dangerous reactions. There is a difference between 
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the total number of individuals tested and the total number who received 
Old Tuberculin. This is accounted for by the fact that 159 individuals 
were tested with the human and timothy MA100 proteins. According 
to the classification in Childhood Type of Tuberculosis, necrosis is only 
associated with a 4+ reaction. As there were no areas of necrosis with 
any of the tests there were no 4+ reactions. It is interesting to note 
that there were no constitutional reactions in any of the tests with either 
the initial or repeat dose. There were, however, seven reactions which 
might be called disagreeable in that they were accompanied by lymphan- 
gitis or enlarged, painful axillary lymph nodes or superficial vesicles, 
which were not followed by or associated with necrosis. One such reac- 
tion occurred in the 1,600 individuals tested with MA100 human protein. 
In this case the reactor was the sanatorium chef, who has never had 
tuberculosis. He does not come in contact with any of the patients or 
with the dishes used by the patients. His exposure to infection in the 
Sanatorium is no greater than it would be in any kitchen. The other 
two similar reactions occurred in the 594 individuals tested with the 
MA100 avian protein. One of these reactors is an ex-patient who has 
been working full-time in the Sanatorium for four years. The only 
demonstrable lesion of tuberculosis was a cervical lymph node which 
failed to heal under ordinary sanatorium treatment, including helio- 
therapy, and so had finally to be excised. The other similar reactor in 
this group was a probationer from one of the general hospitals in Minne- 
apolis. The roentgenologist has interpreted her X-ray films as “enlarged 
hilum glands probably representing an old childhood type of tubercu- 
losis.” 

One of the vesicles occurred among the 664 individuals tested with the 
MA100 bovine protein. The reactor is a nurse in one of the general 
hospitals in Minneapolis; she is well, and the roentgenologist has inter- 
preted her chest-plate as negative. The other two individuals in whom 
vesicles occurred were patients with clinical tuberculosis of long standing. 
In one individual a reaction developed to both Dorset’s Old Tuberculin 
and to the MA100 timothy protein. The other patient developed a 
vesicle to Dorset’s Old Tuberculin alone. _ 

Thus, in our series of 3,454 individuals, who were tested with the 
initial dose of O. T. and the different MAi00 proteins, there were at 
most seven reactions which might be called disagreeable but none which 
might be called dangerous. Two or these reactions occurred with O. T., 
one with the MA100 human protein, one with the MA100 bovine pro- 
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tein, two with the MA1i00 avian protein, and one with the MAi00 
timothy protein. In those instances in which the repeat dose was used 
there were no additional disagreeable reactions and no dangerous reac- 
tions. From this we believe ourselves warranted in concluding that the 
MA100 proteins (particularly the MA100 human protein) are safe testing 
substances in the doses recommended. 


3: Are the doses recommended and used in this study large enough or 
should they be increased? The question of whether the initial and repeat 
doses of the MA100 human protein, as recommended, are large enough 
to pick out the majority of infected individuals in the general-population 
group or not is a very important one. At present, in many school 
surveys only positive reactors are studied further. If the doses recom- 
mended are so small that a large percentage of those infected are missed, 
much future harm may be done. 

Funk and Huntoon report that 91.1 per cent of 540 clinically tubercu- 
lous individuals reacted positively to these doses of the MA100 human 
protein (table 6). Mariette and Fenger found in a group of 314 clini- 
cally tuberculous individuals that 92 per cent of positive reactions were 
obtained to both the initial and repeat doses of the human MA100 
protein (table 3). The 8 per cent who failed to react either died or left 
the Sanatorium before the test could be repeated. Is it not fair to 
assume that, if a substance will give such a high percentage of positive 
reactions in those with clinical tuberculosis, it will pick out as high a 
percentage of those infected in any group of unknown cases? 

Would a higher dose of testing substance give a higher percentage of 
positive reactors? If so, what should this dose be? In an attempt to 
answer this question we have compared the results of tests with Old 
Tuberculin in 0.01-mgm. (0.000,01-cc.) and 1.0-mgm. (0.001-cc.) 
doses, made by Dr. Aronson on 1,202 individuals 39 years of age or under, 
with the results of tests made by Mariette and Fenger on 1,894 indi- 
viduals of the same age-distribution with Dorset’s Old Tuberculin and 
the various MA100 proteins in the doses recommended as cited in table 1. 
The results of these tests are shown in table 8 (9). The percentage of 
positive reactions obtained with Aronson’s initial dose of O. T. is essen- 
tially the same as the percentage of positive reactions obtained with the 
same dose of O. T. and a corresponding dose of the MA100 human pro- 
tein as used by Mariette and Fenger. The percentage of the positive 
reactors to the MA100 bovine protein, which is one-fifth as strong in 
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milligram content as the dose of the MA100 human protein, is essentially 
the same as that obtained with the two Old Tuberculins and the MA100 


human protein. 


Perhaps the approximately equal incidence of positive 


reactions with the lower milligram-content of the MA100 bovine protein 
may be due to the strain of bovine bacilli used in preparing the protein or 
to some other factor which may be explained upon further study. The 
percentage of positive reactors to the MA100 avian protein is 28.9 per 
cent. This is nearly twice the percentage obtained with the initial dose 


TABLE 8 
General-population group 


ARONSON 


MARIETTE AND FENGER 


|0.T Dorset | MAt00 MA100 MA100 MA100 
AGE GROUPS 0.01 mgm. | 0.000,01 cc. 0.0008, 0.001 
Num-| Per |Num-| Per | Num-|} Per Per | Num-/ Per | Num-/} Per 
r | cent | ber | cent | ber | cent | ber | cent | ber | cent | ber | cent 
tested tested| -+- tested) + | tested tested tested 
0-4 16} 12:5 8 | 12.5 0 0 0 0 0; 0 
5-9 494) 10.7; 602} 8.3) 383 3.9) 84 7.1) 56 8.9} 79 |24.1 
10-14 526] 17.3} 587] 241 | 14.1] 127 6.3} 117 | 21.4] 102 |43.1 
15-19 139} 24.5] 284) 16.9) 116 | 25.0) 56] 14.3} 43 | 25.6} 69 |53.6 
20-39 27| 44.4) 413) 37.3) 144 | 44.4; 98 | 40.8) 82 | 54.9) 89 |65.2 
1,202} 15.8]/1,894) 16.1) 892 | 16.0) 365 | 17.0) 298 | 28.9) 339 |46.6 
REPEAT DOSE 1.0 mcm. cued 
0-4 16] 18.7 
5-9 441) 29.5 
10-14 435} 51.3 
15-19 105) 57.1 
20-39 
1,012) 41.9 
Grand total..../1,202] 51.1/1,894) 16.1} 892 | 16.0} 365 | 17.0} 298 | 28.9) 339 |46.6 
of Old Tuberculin and the dose of MA100 human protein. The milligram 


content of the dose of the MA100 avian protein is the same as the repeat 


dose of MA100 human protein. 


lin and MA100 human protein. 


The percentage of positive reactors, 
46.6 per cent, to the MA100 timothy protein is about three times as great 
as the percentage of positive reactions to the initial doses of Old Tubercu- 


The milligram content of this dose is 


ten times the repeat dose of a MA100 human protein or twenty times the 


dose of that protein used in this test. 


This percentage of positive reac- 
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tors (46.6 per cent) is very close to the percentage of positive reactors 
(51.1 per cent) obtained by Aronson with 0.01 mgm. (0.000,01 cc.) and 
1.0 mgm. (0.001 cc.) of O. T. This slight difference, 4.5 per cent, is 
small enough to justify the question of whether the reactions obtained to 
1.0 mgm. (0.001 cc.) of O. T. do not represent a response to sensitiza- 
tion by any of the acid-fast group of bacilli rather than by the tubercle 
bacillus alone. 

From this analysis and the study of the known cases we bélieve that 
the dose of the MA100 human protein as recommended (0.000,5 mgm. 
and 0.001 mgm.) are apparently large enough and therefore need not be 
increased. 


4: Specificity of Old Tuberculin and the MA100 proteins isolated from 
the various acid-fast bacilli: Are the various MA100 proteins specific in 
that they will pick up only infections by the bacillus from which they 
are isolated? Ina study of this question Funk and Huntoon tested some 
225 individuals with Old Tuberculin and the various MA100 proteins, 
‘as shown in table 9. In the clinically tuberculous and clinically non- 
tuberculous groups there were larger percentages of positive reactions 
to the avian and timothy MA100 proteins than to Old Tuberculin or 
the human or bovine MA100 proteins. Mariette and Fenger’s study of 
this question consists of an analysis of the percentage of positive reactions 
in 3,238 individuals tested with O. T. and the different MA100 proteins. 
The results are shown on tables 10 to 14. This series has been divided 
into subgroups. In the first group consisting of 839 clinically tubercu- 
lous individuals (table 10) tested with the initial and repeat doses of Old 
Tuberculin and the different MA100 proteins, there is a greater incidence 
of positive reactors to the MA100 human protein than to Old Tuberculin. 
However, there is a greater percentage of positive reactors to Old Tuber- 
culin than to any one of the other MA1i00 proteins. In a group of 
sanatorium children who presumably had a positive tuberculin test 
before entering the Sanatorium, a greater incidence of positive reactors is 
obtained to the MA100 human protein than to Old Tuberculin, even when 
the initial and repeat doses are used. In a group of 357 employees 
tested (table 11) with Old Tuberculin and the various MA100 proteins 
in which the initial and repeat doses were used, there is in all instances a 
higher percentage of positive reactors to the MA100 proteins than to Old 
Tuberculin. In addition to this, 151 employees were tested with the 
initial and repeat doses of MA100 human protein and the MA100 timothy 
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protein. In this instance a higher percentage of positive reactors oc- 
curred with the timothy protein than with the human protein. An adult 
general population group of 407 was tested with the initial and repeat 
doses of Old Tuberculin and the different MAi00 proteins. In this 
group also a higher percentage of positive reactors was obtained with the 
different MA100 proteins, except the MA1i00 bovine protein, than: with 
Old Tuberculin, as is shown in table 12. A group of 1,380 school- 
children in rural Hennepin County were also tested with the initial 


TABLE 9 


Skin reactions with tuberculin O. T. and the MA100 proteins of the timothy bacillus and the 
human, bovine and avian tubercle bacillus (Funk, Huntoon and White) 


CLINICALLY 
NON- 
TUBERCULOUS 


CLINICALLY 
TUBERCULOUS 


TEST MATERIAL CASES 


Tuberculin O. T. ‘‘Dorset’’ 
Repeat 0.000 ,02 cc. 


MA100 protein bovine tubercle bacillus 


MA100 protein avian tubercle bacillus 
Repeat dose). 0.002 mgm. 


MAi00 protein timothy bacillus 
Repeat 0.02 mgm. 


Number tested 
Number reacting 
Percentage 


Number tested 
Number reacting 
Percentage 


Number tested 
Number reacting 
Percentage 


Number tested 
Number reacting 
Percentage 


117 
100 
87.4% 


117 
96 


82% 


117 
110 
94% 


117 
112 
95.7% 


MAi00 protein human tubercle bacillus Number tested 117 108 
0.000,5 mgm.} Number reacting 98 79 
Repeat dose............ 0.001 mgm. Percentage 84.6% 


dose only of Old Tuberculin and the various MAi00 proteins. 


The 


results of this test are shown in table 13. With the exception of 
those tested with Old Tuberculin and the MA100 bovine protein, a 
higher percentage of positive reactors was obtained with the various 
MA100 proteins than with the tuberculin. 

In this connection a review of table 8, which analyzes the results of a 
general-population group of 1,202 individuals, 39 years of age or under, 
tested by Aronson (9) with Old Tuberculin in the doses of 0.01 mgm. 


(0.000,01 cc.) and 1.0 mgm. (0.001 cc.) and a group of 1,894 individuals 


108 
74 
68.5% 
1% 
108 
75 
69.5% 
108 
94 
87% 
108 
95 
87.9% 
| 
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in the same age-group tested by Mariette and Fenger with the initial 
doses only of Dorset’s Old Tuberculin and the various MA100 proteins, is 


TABLE 10 
Sanatorium patients: clinically tuberculous (adults): initial and repeat doses 


TUBER- ma100 
CULIN “4 PROTEINS 


BM .| 81.2 | Human 


95.3 | Bovine 


D 
D 
.D. = 0.000,1 mgm. 
. D. = 0.000,2 mgm. 
D 
D 
D 


95.8 | Avian 


92.9 | Timothy 


d 


Sanatorium children: initial and repeat do. 


I. D. = 0.000,01 cc. | 75.6 | Human 
R. D. = 0.000,02 cc. 


TABLE 11 
Sanatorium employees: initial and repeat doses 


| 
PROTEINS 


66.7 | Human 


83.2 | Bovine 


79.8 | Avian 


O.T. | LD. =0. . | 68.3 | Timothy 


MAi00 
Human 
Protein 


Timothy 


warranted. It is interesting to note that, if we consider the percentage 
of positive reactions obtained with Aronson’s two doses of O. T. (0.01 


| DOSE 
314 | I 92.0 
R. D. = 0.000,02 cc. 
193 | O. T. | I. D. = 0.000,01 cc. I 87.6 
| R. D. = 0.000,02 cc. 
| -==03000 301 ce: I 74.9 
R. D. = 0.000,02 cc. 
141 | O.T. | I. D. = 0.000,01 ce. I 86.5 
R. D. = 0.000,02 cc. R = 0.02 mgm. 
60) I. D. = 0.000,5 mgm. | 77.8 
R. D. = 0.001 mgm. 
10; I. D. = 0.000,01 cc. I. D. = 0.000,5 mgm. | 79.7 
R. D. = 0.000,02 cc. R. D. = 0.001 mgm. 
O5sOlt: I. D. = 0.000,01 cc. I. D. = 0.000,1 mgm. | 88.4 
R. D. = 0.000,02 cc. R. D. = 0.000,2 mgm. 
89 | O. T. I. D. = 0.000,01 cc. I.D. = 0.001 mgm. 93.3 
R. D. = 0.000,02 cc. R. D. = 0.002 mgm. 
104 I.D. = 0.01 mgm. 83.7 
R. D. = 0.000,02 cc. R. D. = 0.02 mgm. 
151 
I. D. = 0.000,5 mgm.| 72.2 | I. D. = 0.01 mgm. 94.0 
R. D. = 0.001 mgm. R. D. = 0.02 mgm. 
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mgm. (0.000,01 cc.) and 1.0 mgm. (0.001 cc.)), we find that it is only 
slightly larger (51.1 per cent) than the percentage of positive reactors 
(46.6 per cent) obtained with the MA100 timothy protein (0.01 mgm.), 


TABLE 12 
General population: adults: initial and repeat doses 


PER 
NUM- | TUBER — cunt maA100 


37.7 | Human 


Bovine 


Avian 


Timothy 


TABLE 13 
General population: children: initial dose only 


0: MA100 PROTEINS 


TOTAL NUMBER 
TESTED 


Number + Per cent + Number + Per cent + 


58 


O. T. 0.000,01 cc. 47 6.9 8.5 679 


Human 0.000,5 mgm. 


O. T. 0.000,01 cc. 8.7 7.5 265 


Bovine 0.000,1 mgm. 


O. T. 0.000,01 cc. 35 197 


Avian 0.001 mgm. 


239 


O. T. 0.000 ,01 cc. 31 93 


Timothy 0.01 mgm. 


123 8.9 206 i4.9 1,380 


which represents a dilution of testing substance only one-fifth as strong 
as Aronson’s final dose (1.0 mgm.) of O. T. 

From these studies we believe that the bovine, avian and timothy 
MA100 proteins are not specific. We question whether Old Tuberculin 
in high concentrations of a milligram or more is specific. In small doses 


a 
q 
162 | O. T. | I. D. = 0.000,01 cc. I. D. = 0.000,5 mgm. | 58.6 a 
R. D. = 0.000,02 cc. R. D. = 0.001 mgm. i 
90 | 0. T. | 1. D. = 0.000,01 cc. | 48.9 | =| I. D. = 0.000,1 mgm. | 48.9 
R. D. = 0.000,02 cc. R. D. = 0.000,2 mgm. 
81 | O.T. | LD. =0.000,01 cc. | 44.4 | =| I.D. =0.001 mgm. | 80.2 
R. D. = 0.000,02 cc. R. D. = 0.002 mgm. : 
74 | 0.T. | 1. D. =0.000,01 cc. | 68.9 | I. D. = 0.01 mgm. 90.5 
R. D. = 0.600,02 ce. R. D. = 0.02 mgm. | 
38.9 
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of O. T. and the MA100 human protein, such as the recommended initial 
and repeat doses, the reaction is apparently specific. 


5: Is there a protein substance common to all acid-fast bacilli? The 
analysis of the previous tables (tables 8-13) raises the question of whether 
there is not a protein substance common to all acid-fast bacilli, which, if 
given in large enough doses, will pick out as large a percentage of positive 


TABLE 14 
Comparison of percentages of positive reactions in 3,295 individuals tested with the initial dose of 
O. T. and the different MA100 proteins and 159 individuals tested with the initial dose of the 
MA109 human and timothy proteins 


SANATORIUM PATIENTS GENERAL POPULATION 
SANATORIUM 


Adults i Adults Children 


SUBSTANCE USED 


Per cent + Percent + 


O. T. 0.000,01 cc. 61.5/63.3) 37. 6.9) 8.5 
Human 0.000,5 mgm. 


O. T. 0.000,01 cc. 8.7) 7.5 
Bovine 0.000,1 mgm. 


O. T. 0.000,01 cc. 
Avian 0.001 mgm. 


O. T. 0.000,01 cc. ‘ ; 65.1 78.3 
Timothy 0.01 mgm. 


MA100 proteins MA100 | MA100 
Human 0.000,5 mgm. human | timothy 
Timothy 0.01 mgm. 67.3 88.1 


reactors as does Old Tuberculin, and which will produce a skin reaction 
which is indistinguishable from that produced by Old Tuberculin. At 
least the high percentage of positive reactors to the MA100 timothy 
protein, as compared with the percentage of positive reactors in Aronson’s 
series, would point strongly to the presence of such a protein substance. 
According to a study of 117 clinically tuberculous individuals tested by 
Funk, Huntoon and White, as analyzed in table 9, a larger percentage 
of positive reactors was obtained to the MA100 avian and timothy 
proteins than either the MA100 human or bovine proteins or to Old 


1,441 
596 47.065.0113.038.9 | 
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Tuberculin. In a series of 3,295 individuals tested by Mariette and 
Fenger with the initial dose of Old Tuberculin and the different MA100 
proteins, as analyzed in table 14, we note that, in the sanatorium-patient 
group of both adults and children, there is a higher percentage of positive 
reactors to the MA100 human protein than to the Old Tuberculin against 
which it is checked. However, in the adult-patient group there is a 
higher incidence of positive reactors to Old Tuberculin than to the MA100 
bovine, avian or timothy proteins. In the sanatorium-employee group 
a larger proportion of individuals reacted positively to the various MA100 
proteins than to the Old Tuberculin against which they were checked. 
In the general-population division of both adults or children there is a 
higher percentage of positive reactors to the MA100 protein, with the 
exception of bovine, than to the Old Tuberculin against which they are 
checked. 

In addition, there was a group of 159 employees who received an initial 
dose only of the MA100 human and MA1i00 timothy proteins. It is 
interesting to note that in this instance a higher percentage of positive 
reactors was obtained to the timothy protein than to the human protein. 

From the results of these studies we believe that one is warranted in 
concluding that there is apparently a protein substance common to all 
acid-fast bacilli, which, if given in large enough doses will call fortha 
typical tuberculin reaction in just as large a proportion of the people as 
does Old Tuberculin. One cannot help but be struck with the similarity 
between this phenomenon and that of the typhoid-agglutination test. 
In small doses or high dilutions the agglutination test is specific in that 
typhoid bacilli only are agglutinated. In larger doses or low dilutions 
the entire typhoid group is agglutinated. 

During the above study various interesting problems and questions 
presented themselves. The first is the variation in the percentage of 
positive reactors to both Old Tuberculin and the different MA100 proteins 
in the various communities in rural Hennepin County, as shown on table 
13. Perhaps the answer lies in the different economic conditions of the 
community. 

The second interesting problem is that of the pale reactors. Among the 
sanatorium group there were 58 individuals in whom the reaction was 
very pale. By that we mean that, while there was a definite oedema or 
induration, there was hardly any discernible erythema. So far we have 
no explanation to offer for this condition. 


Third, there were two types of false reactions. In one type, a flushing 


As 
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appeared around the site of the injection within 20 to 30 minutes. This 
occurred with Old Tuberculin as well as the various MAi00 proteins. 
This flushing faded and disappeared in one to two hours. The second 
type of false reaction was found only with the various MA100 proteins. 
There were approximately 200 individuals in the general-population 
group of adults and children, who, at the end of 24 hours, had developed 
a definite erythema without oedema to all of the MA100 proteins. This 
was noticed more frequently with the MA100 timothy protein, however, 
than with the other types. This had entirely disappeared within 48 
hours. This group reacted negatively to O. T. This same type of 
reaction occurred in 21 employees, but it was not found among the sana- 
torium patients. So far we have no explanation to offer for this 
condition. 

The fourth problem was that of the uncorrelated reaction. Through- 
out the entire series there were a certain number of individuals who 
reacted positively to one testing substance but not to the other. This 
condition was also noted by Funk, Huntoon and White. The solution 
of this problem offers a fertile field for further study. 


CONCLUSIONS 


1. The MA100 human protein is as sensitive and as selective as O. T., 
and probably more so. 

2. The initial and repeat doses recommended for the MA100 human 
protein are safe in that dangerous reactions are not encountered. 

3. The initial and repeat doses recommended for the MA100 human 
protein are large enough to pick out the majority of tuberculous indi- 
viduals and apparently do not need to be increased. 

4. The MA100 proteins are apparently not specific in large doses at 
least. 

5. There is apparently a protein substance common to all acid-fast 
bacilli, which, if given in large enough doses, will elicit the same type of 
reaction as that obtained from Old Tuberculin. 

4. As the MA100 protein represents a substance in a purified form 
which can always be reproduced at the same isoelectric point and which 
can be weighed out in milligram doses, so that the exact milligram content 
of the solution is known, it is a better testing substance than Old Tuber- 
culin. 

We have found the study of sufficient interest to recommend it to 
clinical men for further study. We believe that, the sooner physicians 


| 
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begin to use the same substances and the same standards for determining 
the severity of reactions, the sooner will we get comparable results. 


We wish to acknowledge our indebtedness to Drs. William Charles White and J. Aronson 
for their valuable suggestions and criticisms in the preparation of this paper. 
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LABORATORY TESTS FOR TUBERCLE BACILLI BY 
CULTURE METHODS! 


JOHN F, NORTON, JAMES G. THOMAS anp NORMA H. BROOM 


Since the publication of Corper’s paper (1) in 1928, considerable inter- 
est has been aroused over the possibility of substituting culture methods 
for animals in the examination of specimens sent to the laboratory for re- 
ports on the presence of tubercle bacilli. Culture methods would possess 
certain advantages, particularly for the small laboratory. They would be 
valuable where facilities for keeping animals are lacking or are inadequate 
for properisolation. Theyare farless expensive. Our cost for examining 
a specimen by animal inoculation (two guinea pigs), including the purchase 
and maintenance and care during a period of eight weeks, is approximately 
three dollars. Cultures can be made for about fifteen cents. There is no 
danger from the spontaneous development of tuberculosis in the guinea 
pig (if this ever occurs) or loss due to intercurrent infections. The organ- 
ism found in the specimen is isolated in pure culture and ready for further 
testing should it be desirable. In addition, our experience indicates that 
laboratory reports may be made in a considerably shorter time when 
cultures are used. This, of course, depends on the length of time arbi- 
trarily fixed for keeping the animals before killing them. The simplicity 
of the culture method is such that any well-trained and experienced 
laboratory technician can use it. It seemed worth while to add our ex- 
perience to that of others,—particularly as we were primarily interested 
in body secretions and excretions other than sputum, and in specimens in 
which a painstaking examination failed to reveal the organisms in stained 
preparations. 

The media and procedure are those recommended by Pinner. Details 
are included here, both because the Petragagni medium does not appear 
to be well known in this country and because successful results are largely 
dependent upon strict adherence to the procedures given. This is par- 
ticularly true in the matter of sterilization. Reheating, even at 80°C., 
reduces the growth-promoting properties of the media used. In order 


1 From the Department of Health, Detroit, Michigan. 
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that a single heating will produce a sterile medium it is essential to pre- 
pare the ingredients under as nearly aseptic conditions as is possible. 


Modified Petroff Medium 


200 cc. milk (cream mostly removed) 
200 cc. veal-infusion-peptone broth (reaction not adjusted) 
800 cc. egg (25 to 30 eggs) 
60 cc. glycerine, c. p. 
60 cc. 2 per cent aqueous solution of malachite green 
Sterilize the milk by heating in a water-bath at 80°C. for two hours on three 
successive days. Sterilize outside of eggs by rubbing with alcohol and flaming. 
Break eggs into a sterile measuring cylinder, pour into a sterile 2-litre erlen- 
meyer flask, and shake until yolks and whites are completely mixed. Mix to- 
gether the milk, broth, glycerine, and dye solution; add this to the eggs and 
shake until mixed. Filter through sterile gauze into a sterile flask. Tube, 
using sterile tubes, filling each one-third full. Sterilize as directed below. 


Petragagni Medium 


900 cc. milk (cream removed) 
36 gm. potato flour 
6 gm. peptone 
450 gm. potato (peeled) 
24 eggs 
6 egg-yolks (additional) 
70 cc. glycerine, c. p. 
60 cc. 2 per cent aqueous solution of malachite green 
Cut the potatoes into thin slices, add the potato flour, peptone and milk, and 
cook in a double boiler for two hours, stirring constantly until the mixture be- 
comes sticky; then stir occasionally. Wash eggs with alcohol, flame, and 
break both whole eggs and additional yolks into a sterile 2-litre erlenmeyer 
flask. Shake well, add the glycerine and dye solution, and shake. Cool the 
potato-milk mixture to 45-50°C. To this add the egg-glycerine mixture and 
stir well. Filter and tube as with Petroff medium. 


Sterilization 


An Arnold or similar type of sterilizer should be used. Place the tubes of me- 
dium on a rack in a slanting position and set in the cold sterilizer. Heat slowly 
to 80°C., and hold at this temperature for 20 minutes. It should require about 
13 hours to reach 80°C. Rapidity of heating can be controlled by opening the 
door of the Arnold sterilizer. Each batch of medium or a few tubes from each 
batch should be incubated 24 hours as a sterility test. If sufficient care has 
been exercised in the preparation of the medium, no trouble should be en- 


380 JOHN F. NORTON, JAMES G. THOMAS AND NORMA H. BROOM 


countered as to sterility. Reheating the medium appears to reduce the 
chances of growing tubercle bacilli. 


Procedure for Cultures 


Examine a stained preparation of the material. If no tubercle bacilli or 
other organisms are present, inoculate a blood-agar plate. If no growth ap- 
pears on the blood-agar medium in 20 hours, the material may be regarded as 
sterile. Inoculate two tubes of each medium heavily (about 0.2 cc.). If the 
material is urine, pleural fluid, or spinal fluid, first centrifugate (100 cc. of urine 
is sufficient) and use all the sediment for inoculation. 

If material is not sterile, centrifugate when feasible, and treat the original 
material or centrifugated sediment with 3 per cent hydrochloric acid. Use 
equal volumes of acid and specimen. For centrifugated material, add 5 cc, 
of acid to the sediment after decantation. Stir the mixture of acid and speci- 
men or sediment with a glass rod for 15 minutes; then centrifugate for 15 
minutes. Decant the supernatant liquid and use all the sediment for inoculat- 
ing two tubes of each medium. Seal the tubes with paraffine, incubate and 
examine weekly, for growth. If growth is suspected or observed, make a 
smear on a glass slide and stain by the Ziehl-Neelsen method. Cultures should 
be held for 90 days before discarding, although growth, if present at all, usually 
appears much sooner than this. 


During the past year we have examined close to 400 specimens by 
culture methods. In all cases the organisms could not be found in stained 
preparations. In 151 instances guinea pig and culture tests were used in 
parallel. The series included 120 pleural fluids, 178 urines, 20 spinal 
fluids and 76 miscellaneous specimens. The latter group comprised 
sputa, stools, skin, kidney tissue, and pus from various sources. The 
results are presented in table 1. 


TABLE 1 
Isolation of tubercle bacilli in culture (organisms not found in stained preparations) 


TUBERCLE BACILLI FOUND 


Number Per cent 


72 60.0 
18 10.1 
Spinal fluid 11 55.0 
Miscellaneous 36 47.3 


137 34.8 


> 
SPECIMEN NUMBER 
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Table 2 gives the comparative results obtained by the guinea pig and 
culture methods. 


TABLE 2 
Comparison of guinea pig and culture methods for tubercle bacilli 


POSITIVE POSITIVE 
BY 
BOTH 


METHODS 


POSITIVE 
IN 
ANIMAL 


TOTAL 
NUMBER 
POSITIVE 


SPECIMEN NUMBER 


151 35 


54 


The data indicate that the culture method is somewhat better than 
animal inoculation. Neither procedure is 100 per cent correct. In test- 
ing the culture method a series of inoculations was made from material in 
which tubercle bacilli were observed in stained preparations. A high 
percentage, but not all, gave growth. This discrepancy should be 
recognized, and two or more specimens examined if the clinical findings 
warrant. 

It is essential to inoculate a series of tubes containing the same medium, 
or, even better, to use at least two tubes of two different media. Table 3 
indicates the necessity for this, since in 20 per cent of the specimens only 
one tube out of four showed growth. 


TABLE 3 
Number of tubes showing growth of tubercle bacilli 


PER CENT OF 
TOTAL 


NUMBER OF 
SPECIMENS 


1 tube positive 


31.8 
18.2 
29.1 
20.9 


100.0 


An attempt was made to compare the two media used. The Petra- 
gagni medium gave growth somewhat earlier than the Petroff medium; this 
was true in 51 per cent of 104 specimens for which records were kept. 
There were 26 instances from 110 specimens in which growth was ob- 
tained only on the Petragagni medium whereas in 13 cases growth ap- 


ONLY ONLY 
35 
20 
32 
23 
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peared only on the Petroff medium. This indicates that the former 
medium is somewhat superior. 

It has been stated that the use of culture methods may reduce the 
time required to furnish the laboratory report. Table 4 shows the aver- 
age number of days to obtain growth, together with the maximum and 
minimum for 137 cultures. 

When the organisms are present in sufficient numbers to be seen in 
stained preparations of the specimens the time required to obtain visible 
growth is usually much shorter. 


TABLE 4 
Time required for appearance of growth of tubercle bacilli (organisms not found in stained 
preparation) 


TIME IN DAYS FOR GROWTH TO APPEAR 
SPECIMEN NUMBER 


Average | Minimum | Maximum 


72 33 17 yi 
18 26 19 33 
Spinal fluid 11 31 19 42 
Miscellaneous 36 27 12 48 


137 30 12 77 


SUMMARY 


The results here presented are in agreement with those of previous 
workers, who maintain the superiority of cultures over animals in identi- 
fying tubercle bacilli in material sent to the laboratory for examination. 

Culture methods produce more positive results, save expense, usually 
save time, and allow the bacteriologist to proceed at once with further 
tests if such are desired. 

Growths were obtained from 137 specimens in which tubercle bacilli 
were not found on direct examination, in the average time of 30 days, with 
a minimum of 12 and a maximum of 77 days. No significance is attached 
to the slight differences found in the various groups of specimens. 

The use of not less than four tubes and two different media are rec- 
ommended. In our hands, the Petragagni medium was somewhat supe- 
rior to the modified Petroff medium employed. 


REFERENCE 
(1) Corer, H. J., AND Uvet, N.: J. Lab. & Clin. Med., 1928, xiii, 469. 
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SUMMARY OF A STUDY OF THE TYPES OF TUBERCLE 
BACILLI ISOLATED FROM HUMAN LESIONS! 


R. M. PRICE? 


This study was begun in March, 1926, and is being continued at the 
present time. Undertaken primarily with a view of ascertaining the 
actual incidence of the bovine type of tubercle bacillus in human infec- 
tions and also the proportion of bovine to human infection in man, our 
studies have now carried us somewhat further. In addition to demon- 
strating the bovine tubercle bacillus as a factor of considerable impor- 
tance, particularly in nonpulmonary forms of tuberculosis in children, we 
have, in three of our cases studied, identified what we believe to be an 
avian tubercle bacillus as the aetiological agent in the disease. 

In the beginning of this work, we carefully selected the cases for study, 
limiting ourselves as nearly as possible to nonpulmonary forms of tuber- 
culosis. Later, however, we did not adhere as rigidly to our selection, 
and we also examined a number of pulmonary cases. It is obvious that 
not a few cases of apparently nonpulmonary type, and, in particular, of 
so called surgical tuberculosis, are, as a matter of fact, cases of metastatic 
focal tuberculosis secondary to a minor pulmonary lesion. Hence, for 
the purposes of our examination it was quite impossible to depend upon 
the clinical differentiation of pulmonary and nonpulmonary tuberculosis. 

The material for study, in the majority of the cases investigated, was 
obtained during life, and was to a large extent from the wards or the oper- 
ating-room. In the juvenile group of cases detailed clinical histories were 
taken, in an effort to trace the possible source of the infection, whether 
human or bovine. We have endeavored in every suitable case to 
establish the relationship of bovine tuberculosis in man and the drinking 
of tuberculous cow’s milk. In a number of our cases we succeeded in 
demonstrating tubercle bacilli in the milk consumed by the child and in 
the cattle responsible for the transmission of the disease to the human 


1 Undertaken under the auspices of the Associate Committee on Tuberculosis of the 
National Research Council of Canada. 
* Department of Pathology and Bacteriology, University of Toronto, Toronto, Canada. 
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host, and thus bring forward the indubitable evidence of the source of the 
childhood infection. 

The technique used in the isolation and classification of the tubercle 
bacilli recovered was that advocated by the American group of workers 
and the British Royal Commission. In each case a systematic plan of 
investigation was followed. The material was cultured directly, or recov- 
ered through guinea-pig inoculation. The identity of the organism was 
established by submitting it to a series of tests, and observations were 
made upon (1) cultural appearances, (2) morphology, (3) distinctive 
growth upon glycerine media, and (4) the result of the pathogenicity test. 

In not more than 10 per cent of the cases studied were the organisms 
isolated directly in culture. This method has always proved laborious 
and uncertain. In order to avoid loss of material and to be more secure 
in our final results, animal-passages were resorted to, and from these the 
cultures were isolated. Two or more guinea pigs were inoculated with 
the tuberculous material as soon as possible after receiving it, and the 
lesions subsequently developing in the animals were the sources of the 
cultures. In our experience the caseous tuberculous lymph nodes and 
the spleen of the guinea pigs yielded the best results. Only primary cul- 
tures were used for differential diagnosis and pathogenicity tests. 

In all instances we used Dorset’s egg medium (plain and with glycerine) 
for isolation of primary cultures. In our experience the uniformity of 
results obtained on Dorset’s medium makes all other media, of which we 
have tried a large variety, unnecessary. We have, however, occasionally 
used glycerine-agar and glycerine-beef-serum in classifying cultures. 
The presence of glycerine in the culture medium is one of the valuable aids 
in differentiating between the human and bovine types of the tubercle 
bacillus. This medium also serves to some degree for the recognition 
of individual characters of the avian strain. The human type of the 
tubercle bacillus, which constituted by far the greater proportion of the 
strains isolated by us, grows very readily upon the usual culture media. 
Colonies make their appearance in 10 to 14 days. They are small, dis- 
crete, pin-point and dry, while later, as the culture increases in age, the 
colonies have a tendency to coalesce, become heaped up and warty, and 
usually to show the presence of pigment. The presence of glycerine in 
the culture medium enhances the growth of the human type of organism. 
The bovine tubercle bacillus grows with much greater difficulty. Colo- 
nies make their appearance later, usually three weeks after inoculation. 
Sometimes their appearance is even further delayed. The colonies are 


a 


STUDY OF TYPES OF TUBERCLE BACILLI 385 


small, moist, colorless and sticky. The presence of glycerine definitely 
inhibits the-growth of the bovine type of the tubercle bacillus. The 
avian type of the tubercle bacillus grows very readily. Colonies make 
their appearance early, usually in 5 to 7 days. The colonies are dew- 
drop and moist; as the culture increases in age, the colonies spread and 
fuse, assuming a moist slimy growth, deep orange in color. 

The final differentiation between these different types of tubercle bacilli 
must be undertaken by resorting to the pathogenicity test in the rabbit, 
fowl and guinea pig. The rabbit is extremely susceptible to bovine and 
avian types of this organism and practically immune to the human type. 
One to two rabbits were used for each strain to be tested. The dosage 
employed was 0.01 to 0.1 mgm. of an emulsion of the tubercle bacillus in- 
jected intravenously. The bovine type of the tubercle bacillus in doses of 
0.01 mgm. invariably produces in the animal a rapidly fatal generalized 
form of tuberculosis, the animal dying in 21 to 45 days after inoculation. 
With the inoculation of 0.1 mgm. of the human type of the tubercle bacil- 
lus, the limited lesions produced in the lungs and kidneys of the animal 
are in striking contrast with the acute, widespread and generalized 
tuberculosis produced by the bovine type. In some instances the rabbit 
survived indefinitely massive doses of the human organism. We made it 
a rule to kill each inoculated animal at the end of three months. The 
avian tubercle bacillus, when given in 0.01-mgm. doses intravenously, pro- 
duced in rabbits a rapidly fatal form of septicaemia (Yersin type) with- 
out any attempt at localization or tubercle-formation, the animal dying 
in 15 to 21 days after inoculation. Whenever we suspected the infection 
to be due to the avian type of the tubercle bacillus, we inoculated, in addi- 
tion to rabbits, guinea pigs and tuberculin-negative fowls. In this man- 
ner we succeeded in isolating avian tubercle bacilli in three of our cases 
studied. 

The morphological differences observed between the human, bovine 
and avian types of the tubercle bacillus are so slight and inconstant as to 
be of little practical value in the differentiation of types. 


RESULTS OF INVESTIGATION 


In all we have examined materials obtained from 320 medical and 
surgical cases of tuberculosis by means of culture, guinea-pig inoculation, 
or by the combined method. 

Of these there were 100 adults, 15 years and over, while the remaining 
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220 patients were children under 14 years of age. The lesions and the 
types of tubercle bacilli encountered were as follows: 


CHILDREN UNDER 


14 YEARS OF AGE ADULTS 15 YEARS AND OVER 


VARIETY OF TUBERCULOSIS 


Human | Bovine | Human | Bovine | Avian 
type type type type type 


Pulmonary tuberculosis 
Tuberculous meningitis 
Tuberculous pleurisy 

Bone and joint tuberculosis 
Renal tuberculosis 


Tuberculous peritonitis 
Hodgkins disease 

Multiple periarticular abscesses 
Tuberculous bacillaemia 

Lupus vulgaris 

Mesenteric tuberculosis 


OOO KF WAN OK 


* Attenuated. 


Briefly analyzing the results obtained in the adult group of cases 
studied, it will be noted that we examined by complete laboratory means 
materials obtained from 100 tuberculous patients. Of these, 13 were so 
called medical, and 87 were individuals suffering from various forms of 
surgical tuberculosis. The human type of the organism was recovered 
in 97 instances, the bovine tubercle bacillus was isolated from only two 
patients in this group, and in one instance a mixed avian and human 
stain was recovered. 

A brief report upon the two cases of bovine tuberculosis in adults is as 
follows: 


The first case, a girl, age 17 years, was admitted to the Toronto General Hospi- 
tal from Palermo, Ontario, October 23, 1929, with an indefinite history of weak- 
ness, nervousness, palpitation and abdominal pain (without nausea or vomit- 
ing) of five months’ duration. This girl had all her life lived on a farm, and 
had been accustomed to using raw milk. A clinical diagnosis of bacterial endo- 
carditis was made, which was later changed to tuberculous enteritis and 
mesenteric adenitis. The patient died November 23, 1929. Autopsy re- 
vealed a tuberculous mesenteric adenitis, tuberculous enteritis and peritonitis. 
The lungs were free from any evidence of tuberculosis, the anatomical evidence 
pointing definitely to the alimentary tract as the portal of entry. Two strains 
of tubercle bacilli recovered from this patient, one from the mesenteric lymph 
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nodes and another from an ulcer in the small intestines, were of typical bovine 
variety. 


The second case, a young woman, age 21 years, was admitted to St. Michael’s 
Hospital in February 1928, with a clinical diagnosis of multiple periarticular 
abscesses, and abscesses of the muscles of the right thigh. There was no evi- 
dence of involvement of the joints, nor any evidence of pulmonary tuberculosis. 
The patient had all her life lived on a farm near Lindsay, Ontario, and was 
accustomed to using raw milk. At the age of 16 years, she had had tuberculous 
cervical adenitis. The lymph nodes broke down, discharged, and ultimately 
healed. Two strains of tubercle bacilli were recovered from this patient, one 
from pus of an abscess in the region of the right elbow joint, and another from 
an abscess in the muscle of the right thigh. Culturally, the organisms were 
of typical bovine variety. For the guinea pig the cultures were of standard 
virulence, but of low virulence for the rabbit. The combination of cultural 
and biological characteristics of the strain isolated leads us to believe that we 
are dealing with an attenuated bovine virus. 


Both these patients were young adults, in whom both history and 
physical findings lead one to believe that the infection was a latent child- 
hood infection, which had become active following the stress and strain of 
adolescent life. 

Tubercle bacilli were isolated from the circulating blood in two cases. 
In the first instance, the organism was recovered from the blood of a 
patient suffering from advanced pulmonary tuberculosis with haemato- 
genous foci in the elbow, wrist and knee-joint. The second patient was 
a case of sacroiliac disease without any evidence of pulmonary involve- 
ment. Blood removed during an acute infection of the left ankle-joint 
yielded a typical human strain of the tubercle bacillus. After a stormy 
convalescence, the patient made a fair recovery. Seven months later, 
this patient again showed signs of a generalized infection, with evidence 
of meningeal involvement. The condition gradually subsided with ulti- 
mate localization and cold-abscess formation in the region of the lumbar 
spine. In this second attempt on the same patient, however, we failed 
to demonstrate tubercle bacilli in the circulating blood. 

The demonstration of tubercle bacilli in the circulating blood is of 
considerable interest, and is indicative of the fact that tubercle-bacillus 
bacillaemia may be encountered in the late stages of the pulmonary dis- 
ease and during the phases of metastatic distribution. The difficulty 

with which the organism is demonstrated in the blood may be due, to a 
degree, to technique, but more probably to the fact that the tuberculous 
bacillaemia is present prior to the development of any local lesion, which. 
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may be delayed by the intensity of the infection, the low virulence of the 
bacilli, and the resistance of the individual. By the time of the appear- 
ance of local signs or general symptoms the organisms have been swept 
from the circulation. 

We have encountered four casesof generalized lymph-node tuberculosis. 
Of these, three came from the city of Toronto, and in the fourth case the 
material for study was sent to us by Professor Miller of Queen’s Univer- 
sity, Kingston. Clinically, all these cases were diagnosed as Hodgkin’s 
disease. Histologically, however, the lymph nodes removed were typical 
of some type of tuberculosis. In three instances we isolated human 
strains of the tubercle bacillus; in the remaining case a mixed strain of the 
human and avian tubercle bacillus was isolated. Another case of clini- 
cally and histologically typical Hodgkin’s disease yielded a human strain 
of the tubercle bacillus through guinea-pig inoculation. 


Juvenile Cases of Tuberculosis: A more interesting situation was en- 
countered in the juvenile group of cases studied. Here we were dealing 
with different forms of tuberculous infection in children, all under 14 
years of age. In them the disease is much more satisfactorily studied, 
inasmuch as the infection has been of relatively short duration, and in the 
majority of instances it is possible to trace the source of the infection, 
whether of human or bovine origin. 

Up to the present we have investigated by complete laboratory means 
materials obtained from 220 children. The youngest patient in our 
series was an infant 5 months of age, and the oldest a girl of 13 years. In 
every instance a detailed clinical history was taken, the chest was exam- 
ined for evidence of active or latent disease, and X-ray films were studied. 
The lesions and the types of tubercle bacilli encountered in this group of 
patients were as follows: 


BOVINE TYPE 


Pulmonary tuberculosis 1 

Generalized tuberculosis including tuberculosis 
of the meninges 

Bone and joint tuberculosis 

Renal tuberculosis 


Tuberculous peritonitis 
Mesenteric tuberculosis 
Tuberculous adenitis 
Lupus vulgaris 


: 
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Analysis of Bovine Strains: In all, we have recovered 43 strains of 
tubercle bacilli of bovine origin, obtained from 30 different patients, as 
follows: 


Three strains recovered (a) Cerebrospinal fluid 
(b) Meninges 
(c) Mesenteric lymph nodes 
Generalized tuberculosis, including pulmonary tuberculosis, infant 15 months of 


Two strains recovered (a) Sputum 
(b) Mesenteric lymph nodes 


Six strains recovered (a) Urine right ureter 
(b) Urine left ureter 
(c) Urine bladder 
Two strains recovered (a) Mastoid process 
(b) Cervical lymph nodes 


Twenty-one strains recovered 


Summarizing the results obtained in this group of patients studied, 
it will be noted that of the 69 cases classified as medical tuberculosis, of 
which 23 were patients suffering from pulmonary tuberculosis and 46 
cases of tuberculous meningitis, only one of each proved of bovine origin. 
These findings are in keeping with the findings of other investigators 
(with the exception of recent cases reported from Scotland), who have 
repeatedly intimated that pulmonary tuberculosis was essentially due to 
infection with the human type of the tubercle bacillus. In children 
tuberculous meningitis is commonly the final stage of a miliary tuberculo- 
sis, which had its beginning in a pulmonary lesion, and, hence, likewise, 
is usually due to infection with the human type of the tubercle bacillus. 

We had the opportunity of studying a considerable number of lesions 
of bones and joints. There have been 75 cases studied and from these we 
have isolated bovine tubercle bacilli in three instances. These findings 
are rather unusual and much lower than the results obtained by other in- 
vestigators, notably the British group. In our studies in the Toronto 
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area, only 4 per cent of the bone cases investigated were due to infection 
with the bovine tubercle bacillus. 

Thirty-seven cases of tuberculous cervical adenitis were studied. Of 
these, 21 were infected with the human type, and 16, or 43 per cent, with 
the bovine type. It is probable that in every instance the lesion was 
directly related to a tuberculous focus in the tonsils or adenoids, which we 
were able to demonstrate in six of our cases. In the majority of the cases, 
the tuberculous process in the tonsil or adenoid tissue gives no macro- 
scopic evidence of its presence, and it is only through careful histological 
examination that the tuberculous nature of the lesions is revealed, while 
bacteriological methods are necessary to determine the type of the infect- 
ing organism. If one is to regard, as has been suggested, the amount of 
bovine infection of the cervical lymph nodes as an index to the amount 
of bovine tuberculosis in a community (Scotland 90 per cent, England 
65.6 per cent, United States 54.7 per cent, Germany 25 per cent) then we 
find that infection with the bovine tubercle bacillus is a matter of serious 
consequence in this province. 

Of 20 cases of renal tuberculosis studied, 18 were infected with the 
human type, and two proved of bovine origin. The demonstration of 
bovine infection of the kidney is, we believe, important. It is probable 
that, if more consistent studies were made for the type of bacilli responsi- 
ble for renal tuberculosis in children, it will be found that when the lesions 
arise in the earlier periods of life a certain proportion of them will be 
shown to be infected with the bovine tubercle bacillus. It is further im- 
portant to note that in respect to these two cases of renal tuberculosis of 
bovine origin, which we have studied over a considerable period of time, 
the organisms were isolated in each case from both kidneys, and we 
were able to isolate tubercle bacilli on repeated occasions. 

Only two cases of primary abdominal tuberculosis were studied. Both 
these cases were due to infection of the bovine type. 

One case of lupus vulgaris was investigated and found to be due to 
infection with the bovine tubercle bacillus. This case is of particular 
interest, inasmuch as this is the only case of tuberculosis of the skin we 
have encountered during the course of our studies. 

The patient, a child 25 years of age, was admitted to the Hospital for 
Sick Children from Tiverton, Ontario, with a clinical diagnosis of lupus 
vulgaris. The infection was in the region of the knee-joint, where it 
appeared when the child was 9 months of age, and where it had persisted 
since. There was no history of contact with tuberculosis. The feeding 
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history revealed the fact that this child had practically all his life been fed 
on raw milk. The strain isolated from a small piece of skin removed at 
operation was of typical bovine variety. 


SUMMARY AND CONCLUSIONS 


Of 220 patients in the juvenile group suffering from some form of tuber- 
culosis, 190 proved infected with the human type and 30 patients were 
infected with the bovine type of the tubercle bacillus. 

In the majority of instances in which the human type of the tubercle 
bacillus was isolated there was a known history of contact with open pul- 
monary tuberculosis. Contact was usually close, the patient being 
exposed to tuberculous parents, grandparents, guardians, near relatives, 
and occasionally individuals sharing the home with the family. In some 
of our cases two or more children in the family proved infected. Physical 
or X-ray examination or both showed evidence of tracheobronchial or 
pulmonary disease, the evidence pointing to the respiratory route of 
infection. 

In 30 cases in this series, the youngest an infant 5 months of age and the 
oldest a girl of 12 years, the infection was caused by the bovine type of the 
tubercle bacillus. Without exception, the children harboring an infec- 
tion with the bovine tubercle bacillus have come from parts in the 
Province of Ontario where pasteurization of milk was not carried out. 
History invariably revealed the fact that the child had been fed on raw 
milk. As already pointed out, it was possible on a number of occasions to 
demonstrate virulent tubercle bacilli in the milk consumed by the child 
and in the cattle responsible for the transmission of the disease to the 
human host, and thus bring forward the indubitable evidence of the 
source of the childhood infection. 

From this limited study it would appear that: 

1. Bovine tuberculosis is an almost negligible factor in adult human 
infection. 

2. The bovine tubercle bacillus is a factor of considerable importance 
in childhood tuberculosis. We find that 13.6 per cent of nonpulmonary 
tuberculosis, leading to disablement, operation and necessitating pro- 
longed and costly treatment, with doubtful results at the outcome, is 
caused by the bovine tubercle bacillus. 

3. The disease is milk-borne. 
4. Bovine tuberculosis is preventable and can be controlled by. the 
effective pasteurization of milk. The truth of this statement is forcibly 


aa 


i 


392 R. M. PRICE 


brought out in the fact that in the City of Toronto, where pasteurization 
of milk is compulsory and has been rigidly enforced since 1915, not a 
single case of bovine infection has been encountered in the group of 
children brought up on the pasteurized milk of the district (1915-1930). 
In other words, the generation of children brought up on the pasteurized 
milk of the district has escaped infection with the bovine tubercle 


bacillus. 


I desire to express my sincere thanks to Doctor Oskar Klotz, Professor of Pathology 
and Bacteriology, University of Toronto, under whose direction this work is being carried 
out, for much valuable advice and assistance. 
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THE DYNAMIC BRONCHIAL TREE! 
CHARLES C. MACKLIN? 


Since pulmonary tuberculosis occurs in a tissue which is not quiescent 
but is actively moving, it follows that the phthisiologist is interested in 
the nature of these movements. What are they, how are they produced, 
and what bearing do they have on the development and course of phthisi- 
cal lesions? 

Inasmuch as the lung tissue is nothing more than the bronchial tree and 
its interdigitated ramifications, together with the attending structures, it 
is obvious that the movements may all be related directly to that tree. 
They may be divided into two types: (1) respiratory and (2) expulsive; 
and each of these may be subdivided according to source into those of 
(a) intrapulmonic and (b) extrapulmonic origin. Minor incidental or 
adventitious form-changes, such as the vibrations set up by the heart and 
great vessels, or the alterations arising from bodily exercise, need not be 
dwelt upon here. 

In this paper only certain of the grosser aspects of respiratory bronchial 
movements as they occur in the main, or conducting part of the tree, will 
be considered, and these particularly as they have been revealed by the 
roentgen-ray technique; and the reader seeking information as to the 
functional changes in the finer terminals of the airway, or the intrinsic 
elasticomuscular organ of the bronchial tree, is referred to earlier papers 
(Macklin, 1922, 1925, 1929a and b). An attempt will be made to 
envisage the bronchial tree in action, from the point of view of an anato- 
mist, and attention will be focused on the peculiar conditions which obtain 
in that region of the pulmonic tissue lying against the inexpansile wall 
situated above and behind the hilum. This part of the lung operates 
under a potential handicap, which may become an actual one if move- 
ment-restricting pathological changes occur in the root. The possible 
bearing of this handicap on the development of tuberculous lesions will 
be touched upon briefly. It has seemed to me that the crux of the situa- 


1 Presented before the Clinical Section at the twenty-seventh annual meeting of the 
National Tuberculosis Association, Syracuse, New York, May 14, 1931. 
? Department of Anatomy, The University of Western Ontario, London, Canada..: 
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tion with respect to an understanding of bronchial movements is a 
knowledge of the functional anatomy of the root of the lung, and a brief 
discussion of this will now be undertaken. 


THE HUB AND ITS CONTRACTILE SPOKES 


When we consider the gross anatomy of the lung we find that all of its 
structural systems centre in the root-zone of Keith (1909), or “hilum,” 
which, when viewed from the side, may be likened to the hub of a wheel, 
with “spokes,” represented by bronchi and blood-vessels, radiating out 
from it. The shadow of this hilum, with its connections, may be seen in 
lateral X-ray films, as in figure 10 of the Report of Pancoast, et al. (1927). 
Associated with these more obvious spokes, to which they are functionally 
adapted, are the slender bronchial blood-vessels, the nerves and the 
lymphatics, wrapped together loosely by fibroelastic connective tissue. 

To grasp the significance of this complex we must visualize it in action, 
with all its parts working smoothly and efficiently, and to do this 
we must understand the essential character of the physical changes 
which the lung undergoes in inflating and deflating. We see at once 
that the spokes must be elastic structures, lengthening in inflation 
and shortening in deflation; for, unless they so accomodate themselves, 
ventilation of the lung would be impossible. This conception of bron- 
chial movements would seem perfectly obvious, but, unfortunately, it has 
not always been taken into consideration by pathologists in interpreting 
pulmonary lesions. It is fundamental to a grasp of the mechanical 
physiology of the lung, and is absolutely essential as an approach to path- 
ological problems of this organ. These movements may, it is hoped, be 
made clearer by the presentation of a diagram. 

If the lung were a hollow sphere of uniform elasticity, blown up like a 
balloon from a fixed root and deflated likewise, an understanding of its 
mechanics would be relatively simple. We would have a mechanism 
like that shown in figure 1. The deflation phase is represented by a 
white ground with unbroken periphery, the bronchi being in solid black; 
while in the inflation phase the outlines of the bronchi are represented by 
dashes, the new space gained is shown by a stippled ground, and the 
enlarged periphery, or “pleura” by a dotted line. When air is injected 
at the central stem-bronchus the sphere will expand, and the expansion 
will be equal in all directions. The bronchi, with associated structures, 
of necessity elongate, passing from positions designated by a to those 
marked a’. There would be also, assuming the conditions to be like 
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those obtaining in the actual lung, a coincident widening of the tubes, as 
depicted by the broken outlines. The new space of inspiration has 
necessarily to be represented as something added on to the original 
sphere; it is, however, to be looked upon as having grown from the ap- 
proximately uniform expansion of the spaces of this. 

Since each primary bronchus is assumed to undergo a uniform elonga- 
tion in all of its parts, it is obvious that the secondary bronchi arising 
from each will become evenly separated, one from the other, at the points 
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from which they spring, and the intervals between them become corre- 
spondingly widened. The bronchial changes are represented diagram- 
matically, in figure 1, where the secondary bronchi, } and c, shown in 
black, take the positions 6’ and c’, outlined in dashes, and it will be noted 
that they are now longer, wider and further apart. It is plain, from this 
figure, how, in inspiration, the bronchial framework, with attendant blood- 
vessels and other structures, ‘“‘opens up’’, and how there is thus brought 
about an even and uniform expansion of all of the pulmonic substance. 
The bronchial directions, it will be noted, do not change in this hypothet- 
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ical figure, in passing from one phase to the other, and this is true, with 
minor exceptions, in actual life. There is, as demonstrated by X-ray 
studies, always what might be termed a “straight-line” action of the 
bronchi; they do not wave from side to side like limbs of a tree in a wind, 
but rhythmically extend and shorten, always maintaining approximately 
the same direction. Movements of deflation and inflation, in other 
words, are invariably centered along the bronchial axes. This is a basic 
principle in pulmonic mechanics. There are, in life, minor directional 
changes, and there may sometimes be noted a change from a gently 
curved to a straight outline, in the course of inflation, but the above- 
mentioned alterations are the really fundamental ones. A simple lung 
like this, of course, does not exist in nature, but serves to illustrate the 
incidental adjustments of the bronchi in respiratory movements. 

But the conditions in the lung of man, or indeed in that of any mam- 
mal, are not so simple as in the hypothetical sphere. The lung is of ir- 
regular shape, and is moulded to conform to the cavity within which it is 
contained. Moreover, the various parts of the wall of this pleural com- 
partment, as Keith (1904, 1909) has pointed out, do not show a uniform 
expansile ability, but move out and in to a greater degree in some parts 
than in others, while, indeed, over an extensive area there is no expansile 
movement at all. This is the keel-like region bounded inwardly by the 
vertebral bodies and adjacent mediastinal wall, posteriorly by the medial 
ends of the ribs, and above by the cupola of the pleura. Hence, if the 
lung is to expand in all of its parts, there must be some way in which it can 
adapt itself to the peculiar shape and movements of its motile capsule, to 
the end that it can take the greatest advantage of the increased size of the 
latter in inspiration, and that it can diminish efficiently in expiration. 

This adaptation consists in an actual shifting of the lung mass into the 
regions of the pleural cavity which are enlarging, during inspiration, and 
retreating in expiration. Not all of the lung substance is so shifted; 
that lying against the aforementioned inexpansile wall remains fixed, or, 
at the most, slides very slightly laterally in inspiration into the enlarging 
areas. The amount of shifting, too, varies enormously in different parts, 
being least in those nearest the inexpansile wall, and greatest in those 
lying against the most expansile wall,—in the region apposed to the 
diaphragm and lower anterolateral wall. The direction in inspiration 
is thus downward, outward and forward, into the expanding subdivisions 
of the pleural cavity, and away from the immobile wall. It must not be 
thought that there is any actual separation of pleural surfaces in the in- 
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expansile wall region. Quite the contrary: it is as though the lung were 
stretched in inspiration, one surface (that towards the immobile wall) 
remaining stationary, and retaining its contact with that wall, while 
the part lying against the diaphragm and ribs (particularly the long lower 
ribs) moves most, following these actively outmoving surfaces. Natu- 
rally, the amount of shifting between these extremes is intermediate, and 
gradually increases as we pass from the inexpansile regions of the wall 
to those of greatest motion. This shifting is very moderate when the 
breathing is light (indeed it may not be noticeable then), but in forced 
breathing, under normal conditions, it’is very appreciable. The normal 
lung must be capable of moving thus, and of throwing, in this way, all of 
its substance into function, in case of emergency. Naturally, too, the 
direction of shifting varies with the type of breathing, being mainly 
toward the ribs in the predominantly costal type, and toward the dia- 
phragm, for the most part, in the diaphragmatic type. It hardly needs 
to be said that there is not an actual traction upon the lung substance 
from without (unless there are adhesions to the actively moving wall); 
the motive power in expansion is, of course, atmospheric pressure of the 
inflowing air, and the above-mentioned adjustments merely serve to allow 
an even distribution of air throughout all of the lung substance, which 
would not be possible otherwise. 


NATURE AND SIGNIFICANCE OF LUNG-ROOT MOVEMENT 


The foregoing discussion has been undertaken for the purpose of lead- 
ing up to a consideration of the movement of the root. The conception 
of the lung root adopted here is broader than that to be found in some of 
the anatomical works. It is regarded not merely as the thin junction of 
lung with mediastinum, bounded by the line of reflection of visceral into 
parietal pleura, but rather as a bundle of air- and blood-conduits and 
less conspicuous adnexae, “by which,” as Gray’s Anatomy puts it, “the 
lung is connected to the heart and trachea.” This carries it, in the case 
of the airway, to the midline, and gives it a functional meaning far more 
trenchant than would be conferred by regarding it merely as a pedicle, 
and cutting it short at the mediastinal wall, Laterally, it enters the lung 
at the hilum, and, for our purposes, may be thought of as extending 
into the lung substance and as including the “root-zone” of Keith 
(1909), composed of the larger bronchi and blood-vessels with their 
associated tissues; for this region is nonrespiratory and belongs, anatomi- 
cally and physiologically, to the radix pulmonis rather than to the lung 
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proper. The characteristic feature is the main bronchus, with the 
beginnings of its primary branches. Closely associated therewith are 
the blood-vessels and smaller parts, loosely bound together in a way to 
permit stretching and contracting. 

The hilum is defined by Gray (1930) as a triangular depression on the 
mediastinal surface of the lung where the structures which form the 
root of this viscus enter and leave it. This is the usual anatomical 
conception. However, to the roentgenologists it means something more, 
for we find that it is, in their view, capable of throwing a shadow (Pan- 
coast, et al., 1927), and appears to be what I have just considered as the 
lateral end of the root, part of which is intrapulmonary. It forms the 
most striking object in normal lung fields, and seems to correspond fairly 
closely with the root-zone of Keith. 

It is readily seen that the root and associated mediastinum must be 
flexible, freely permitting the oscillatory pulmonary movements just 
described, for, if the root be stiff and fixed in position, one can hardly 
conceive of the territory lying behind and above it being ventilated prop- 
erly. This lung district, because of its inexpansile background, is so 
placed that it can only be efficiently inflated if the lung mass lying below, 
in front and to the side of it moves out of the way, and this shift of ac- 
commodation is dependent upon a coincident (more accurately an initia- 
tory) movement on the part of the root. Similarly, deflation of this 
region of the lung would call for a root movement in the reverse direction; 
that is, upward, inward and backward. This to-and-fro movement of the 
root is of such fundamental physiological importance that it deserves dis- 
cussion in some detail, but before entering upon this I wish to pay tribute 
to the masterly summary of this subject to be found in the classical paper 
of Sir Arthur Keith, The Mechanism of Respiration in Man (1909), in 
which the author describes the root movement as outlined above. He 
gives an excellent diagram of the root-section (his figure 1), and attributes 
the downward pull on the root to a direct action of the crura of the 
diaphragm. My contribution is mainly an attempt to visualize the be- 
havior of the bronchi in association with this root movement. 


THE SUPERO-RETRO-RADICULAR REGION (SRR) 


Since it will be necessary frequently to refer to that region of the lung 
just alluded to, which lies between the root-zone and the inexpansile wall 
behind and above, a convenient term is desirable. It has been called 
subapical, but this name is too limited in scope, and so, too, is paravertebral. 
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It is really the superomedial subdivision of the dorsal part of the lung, 
and so it might be known as the supero-medio-dorsal part, or some variant 
of this. Although indicating the location, this term is clumsy. Supero- 
retro-radicular has the merit of relating the region to the root, but is 
rather long; it is possible that an abbreviation of it will suffice, and this, 
in the form SRR, I propose to use. Equally appropriate, perhaps, would 
be the term supero-retro-hilar (contracted to SRH), using hilum in the 
roentgenological sense. 

This region may be thought of as bounded laterally by the midsagittal 
plane of the lung, although that is somewhat further out than the ex- 
ternal border of the hilum shadow according to Pancoast, et al. 1927), 
which is placed by them at the outer boundary of the medial third of the 
lung field. Its anterior boundary might be roughly marked out by a 
frontal plane passing through the central point of the hilum, and its infe- 
rior limit by a transverse plane through the same point. ‘These bounda- 
ries are, of course, purely arbitrary, and might be set forth even more 
simply, and with approximately the same meaning, as the sagittal, frontal 
and transverse planes, which cut the midpoint of the lung. The SRR 
region thus includes a considerable portion of the apical district of the 
lower lobe. 


In the following discussion an attempt will be made, for the SRR region, 
not only to objectivize its bronchi in action, but to evaluate the influence 
of root-movement on its ventilation, and the effect of partial or complete 
restriction of this root-movement not only on its functional efficiency but 
on its resistance to disease. 


DIAGRAMS OF ROOT-MOVEMENT AND ASSOCIATED BRONCHIAL 
CHANGES 


To make clear the movements of the bronchi in general, and particu- 
larly those of the SRR region, I have prepared diagrams through the 
root-zone in the three planes, frontal, sagittal and transverse, which are 
shown in figures 2 to 7. They are all schematic; that is, the movements 
represented have been exaggerated in order to make them more easily 
grasped, and the bronchial-tree system has been much simplified, with 
the peripheral ends of the tubes made thicker for the sake of greater 
prominence. I have drawn heavily upon Keith for inspiration in the con- 
struction of these figures. In preparing figures 2 and 3 reference was 
made to my own X-ray studies (Macklin, 1925). In all cases the bron- 
chial tree of full expiration is shown in solid black, and that of full inspira- 
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tion by broken lines. These bronchial changes are intended to deal only 
with the smooth-walled, or purely conducting, part of the tree, and the 
movements depicted are maximal, or even hypermaximal; but it is hoped 
that the fundamental processes will be made clear. The contour of the 
lung of expiration is represented by a plain outline, and that of inspira- 
tion by a dotted line. The increased space gained in inspiration is shown 
by a stippled area. Bronchi are designated by letters of the alphabet, 
the same letter being used for both expiratory and inspiratory phases of 
the same bronchus, with the addition of a dash to distinguish the latter. 
It is assumed that the breathing is of the combined costal and diaphrag- 
matic type. 


Frontal Plane: Let us consider, first, the diagram of the frontal plane 
as seen in figure 2. It is clear, at once, that in passing from expiration to 
inspiration there has been not only an elongation but also a widening of 
all limbs of the tree, a to m. Here only the length-changes will be con- 
sidered. The amount of this inspiratory lengthening is variable; indeed, 
in ordinary quiet breathing there are regions where it may not be notice- 
able, but in the figure, for the sake of clearness, all parts of the bronchial 
tree are depicted as undergoing a marked elongation. Minor form- 
alterations, which are to be seen in lipiodolized bronchial trees, particu- 
larly when studied in stereoscopic X-ray films, are here omitted for sim- 
plicity’s sake; among them may be mentioned (1) a straightening out of 
bronchi in passing from expiration to inspiration, and (2) sometimes a 
slight narrowing of interbronchial angles (Hudson and Jarré, 1929 (a and 
b); Macklin and Andrus, forthcoming). Now, in the case of the lower 
and lateral parts of the lung it is plain that the tips of the bronchi move 
laterally, toward the outmoving walls. Expansion is free here. At the 
sides, particularly in the lower levels, there is a downward inspiratory 
gliding. At the centre of the system the lung root has moved downward 
and outward. The expansile excursion of the lower and lateral lung pe- 
riphery has been much greater than this root excursion, for if it were only 
equal to the latter there would not be in these bronchi any extension at 
all, and hence no inflation. The diagram shows how, by the stretching 
of the main bronchi, the points of origin of secondary bronchi are sep- 
arated, and, their direction being maintained fairly constantly, how the 
space between any two of them is increased. 

But let us consider the situation particularly in the SRR region. Here 
the lung mass cannot expand backward, medialward nor upward, and is 
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free to move only downward, lateralward and, to some extent, forward. 
The bronchi serving it are designated by the letters a, b,c andd. It is 
apparent that these movements are possible only if the lung-root 
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moves correspondingly, as it has been represented as doing in fig- 
ure 2. However, if the lung-root be considered to be immobile, the 
condition would be as represented in figure 3. The SRR region would 
be without proper ventilation; indeed one might well imagine an 
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extreme case in which there would be, in the most unfavorably sit- 
uated part of this region at least, no ventilation at all, and but im- 
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perfect aeration of a; considerable adjoining zone. This is repre- 
sented in figure 38 by shading. The fixed root permits little or no 
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inflation, and, accordingly, no elongation of the apical bronchus and its 
branches a, 6, c andd. The backwardly projecting bronchi cannot be 
seen in this figure. Figure 2, in contrast to this, shows how, with a free 
downward and outward migration of the root, all of this region is fully 
inflated, and the corresponding bronchi take the positions a’, b’,c’ and d’. 
The apical bronchus, and all of its branches, are represented as longer, 
and further apart, and the interbronchial spaces have increased cor- 
respondingly. This diagram gives graphically the movement of expan- 
sion. Also, the more outlying regions of the upper lobe, whose bronchi 
are marked d, e and f, can shift readily outward, downward and forward 
to d’ e’ and f’. Without this lung-root movement it is impossible to see 
how the SRR region, ordinarily freely inflated, could escape becoming 
stagnant, as seen in figure 3. In such a case, if normal blood-aeration is 
to be maintained, it would be necessary for'the remaining part of the lung 
to become physiologically emphysematous to compensate for the loss 
of respiratory surface in the stagnant area. This remark applies, also, of 
course, to the figures 4 to 7, representing the other planes. In figure 3 an 
extreme type of root restriction is shown, and, theoretically, there might 
be all grades of interference from this to the free type shown in figure 2. 
It might be argued that, even with the root fixed, the apical bronchi could 
still swing anterolaterally in response to movement of the upper ribs, but 
if this were to take place there would be, in inspiration, a bending of 
these bronchi, and this, through a consequent narrowing of the lumina, 
would interfere with the air-flow. We never find, normally, a curving or 
bending of the bronchi in inspiration; on the contrary, any change in 
that phase is toward a straightening of the tubes. 

It is evident, then, that the SRR region would be properly ventilated if 
the root is freely movable, all other factors being normal; but that, if this 
root movement is restricted or abolished, a serious interference with the 
proper function of the region might well ensue. The corresponding dis- 
trict below the hilum, , 2’, would not be so much hampered in the case of 
root immobilization, as it is inflated directly by the action of the dia- 
phragm and lower intercostal musculature, but even here one might ex- 
pect some inhibition, due to the absence particularly of outward and 
forward shifting of the basal parts of the bronchi supplying it. The un- 
favorable effect might well extend further downward than is indicated in 
figure 3 by the shading; and, indeed, further outward also. 


Sagittal Plane: Let us now consider the respiratory movements of the 
lung root as seen from the side. Figure 4 is a diagram of the root and its 
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offshoots, a to 7, in the sagittal plane, and shows the relation of these to 
the anterior and posterior thoracic walls, and to the floor. The expansile 
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effect of the thoracic-wall musculature, in front, and of the diaphragm, 
below, is seen plainly in the stippled area. The direction of the root 
movement, viewed in this plane, is downward and forward. The effect of 
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this on the bronchi, a, b, c, projecting upward and backward from the 
root toward inexpansile wall, is manifest, these tubes being thus per- 
mitted to elongate, and to take advantage of the downward influence of 
the diaphragm and, to a certain extent, of the forward effect of the’ supe- 
rior thoracic wall. By comparing the space enclosed by the arms ag, 8, ¢, 
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with that within the arms a’, b’, c’, it is seen that there has been a consid- 
erable increase in this territory, and the effect of lung-root movement is 
grasped, for this movement makes possible the increase. This root move- 
ment influence is made even more striking when the condition in figure 5 
isstudied. In the latter the root is assumed to be fixed, and these bronchi, 
a, b, c, which project toward an immobile wall, are unable to elongate. 
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They are powerless to follow either the downward action of the dia- 
phragm or the anterolateral impulse of the thoracic wall except by bend- 
ing forward (a’) or downward (c’), with consequent impediment to the 
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air-flow. It is obvious that, with a fixed root, there would be stagnation 
in the pulmonary tissue of the SRR region, as shown in the shaded terri- 
tory in figure 5, and the baneful effect of root immobilization might well 
extend further forward, and especially downward, than is here illustrated. 


VI Rib 
ES 
LESS 
? 
33, 
Se te 
i 


THE DYNAMIC BRONCHIAL TREE 407 


Figure 4 gives the remaining bronchi, d to j, and their inspiratory elonga- 
tion to d’—7’ when the root is free. In figure 5 we have a conception of 
what they might be presumed to do were the root fixed. It is possible 
that there would be an inspiratory downward shifting of bronchi7 andz in 
this case, but not shown in figure 5. Then, too, it may be that, with a 
fixed root, there would be other adverse effects on all of these bronchi, 
which are not here illustrated. These figures are to be considered only 
With fixed lung roots there 
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as diagrammatic, and as working bases for further clinical and experi- 
mental studies. 


Transverse Plane: We now turn to a study of the contrasted bronchial- 
tree patterns of expiration and inspiration in the transverse plane, at the 
level of the sixth thoracic vertebra, illustrated as before (figure 6). Here 
the outward and forward shiftings are shown. This motion, plus the 
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concomitant downward migration already referred to, would enable the 
bronchi a, b, c and d, projecting against the immobile wall (bordering upon 
the vertebral bodies and associated rib-ends, as shown), to elongate toward 
their basal ends, and those more peripherally situated, e and f, to move 
forward at the front and outward at the side, thus making the most of the 
thoracic-wall action. We see plainly how these bronchi are enabled to 
lengthen, following the anterolateral shifting of the stems from which 
they arise, and how bronchus a steps forward to a’, bronchi ¢ and d later- 
ally to c’ and d’ respectively, etc. The space bounded by these tubes 
becomes much enlarged, and so, too, does that between the main-stem 
and the a bronchus, new space appearing for occupancy just behind the 
main-stem bronchus because of the forward movement of this. It hardly 
needs to be pointed out that the main-stem bronchus is shown in section, 
and that the central part, uniting it to the trachea, stretches to make up 
for this shift. 

In figure 7 we see the effect of immobilization of the root on the SRR 
region of the lung. There would be almost total stagnation, as shown by 
the stippled area, in such a case. In the lateral regions a certain amount 
of outward shifting would follow the outward movement of the wall, but 
this would be slight. 

The territory served by bronchi f to / would fare better in the event of 
root immobilization. Figure 6 shows these bronchi moving out in re- 
sponse to the expansion of the thoracic wall, and we note that they under- 
go the usual elongation, even when allowance is made for the migration 
of the root toward this moving wall. In figure 7 no attempt is made to 
illustrate compensatory emphysema. 


SYNTHESIS OF DIAGRAMS 


To grasp the full physiological significance of movement of the lung 
root, and the pathological meaning of restriction of it, we must fuse these 
three diagrams together in our minds, and acquire a composite picture 
in three dimesions. From this it will be clear that, under normal condi- 
tions, when the root moves unrestrictedly, all parts of the lung tissue are 
free to expand in all directions, and the lung then readily adapts itself to 
the increased size of the pleural cavity in inspiration, and fits its parts 
promptly and completely into the local enlargements’of this. The be- 
havior of the bronchi projecting toward the immobile wall behind and 
above the level of the hilum is graphically portrayed.. The recession of 
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the root enables these tubes to behave essentially like those anywhere else, 
as the diagrams show, and so permits the normal inflation of the SRR 
region. It should hardiy be necessary to repeat that these figures are 
schematic and exaggerated for the sake of illustration. Under ordinary 
conditions, in quiet breathing, the movements are relatively slight, and 
may even be absent in some regions, but it is impossible to conceive of 
lung inflation without some length change in the bronchi. We should 
remember, however, that the lung must possess reserve capacity, and that, 
in vigorous breathing, the movements of the bronchi will be enormously 
increased in range. Regions which were quiescent in sluggish respiration 
become very active under intense exertion. 

The type of respiration (Bray, 1925), too, would make some difference 
in the dominant directions of root-movement; with the thoracic type, the 
forward and outward shifts might be expected to be more conspicuous, 
while in the diaphragmatic type we would look for a relatively greater 
amount of downward movement. However, ordinarily it would appear 
that the effort of thoracic walls and diaphragm is pretty well combined. 
Since women have taken to going without corsets we hear less and less 
about a peculiar thoracic type of respiration in them, and in primitive 
people the female and male type are practically the same. 

The foregoing considerations bring home to us the necessity for a 
knowledge of the functional anatomy of the mediastinum. The lower 
end of the trachea is not fixed in position, as some of the treatises on anat- 
omy state, but is loosely held, and the bifurcation is freely movable, as 
X-ray, bronchoscopic and other studies show. Normally, the main 
bronchi and their associated structures are but loosely bound together, 
and a certain range of movement is permitted,—not much in any one part 
but totalling to a significant figure in the aggregate. The heart and 
great vessels, of course, adjust themselves to these root movements; as 
Keith has so well put it, the lungs, in their movements, carry their pump 
with them. The details of these compensatory adjustments cannot be 
set forth here. For our purposes the medial extension of the root may be 
thought of as reaching the midline, and the lateral, as already stated, well 
into the lung substance, where it forms the,“‘root-zone.” Medially the 
flexibility of the trachea, bronchi and associated cardiovascular structures 
permits an inspiratory caudoventral excursion, and one in the reverse 
direction in expiration during active breathing. In such circumstances 
the sternum commonly advances in inspiration, but, even if it did not do 
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so, the forward slant of the bone would allow a ventral movement of the 
mediastinal contents as they slid downward.® 

From the point of view of internal adjustments of the pulmonic mass 
and bronchi during respiration; the root-zone is the important region, 
and movement here is much more marked than it is in the midline on 
account of the inspiratory elongation of the root. This has the effect not 
only of adding an outward direction to the caudoventral shift, but of aug- 
menting the latter. Thus the range of respiratory excursion increases 
as we pass from the midline into the lung substance. It is quite likely 
that there is, within the root itself, a certain laxity of its parts, which 
permits them to slip against one another, but, for practical purposes, they 
may be regarded as acting in unison. The structures closely associated 
with the bronchi, not only in the root but throughout the lung, must be 
looked upon as undergoing a coincident lengthening and shortening. 

The diagrams should make clear the effect on the SRR region of im- 
mobilization of the root. It is possible that such extreme cases do not 
occur. On the other hand, it is known that restriction of movement does 
occur in the roots. For instance Keith (1909), p. 190, states: “‘In cases 
where the roots of the lungs are bound to the posterior or stationary wall 
of the thorax through adhesions set up by mediastinitis, Wenckebach 
observed that both the respiratory and circulatory movements were 
abnormal in character.” Beitzke (1923-1924) has also referred to the 
same subject, and discussions will be found in the pathological literature. 
It is obvious that, with an immobilized root, expansion of the SRR region 
would be crippled, or even completely obliterated. There would, of 
course, be varying grades of dysfunction, and the lateral and lower parts 
might be expected to be intermediate in this respect, as compared with 
the regions lying against inexpansile wall. The effects might be more, or 
less widespread than shown in the diagrams. 


CAUSE OF ROOT-MOVEMENT RESTRICTION 


What is the cause of impairment of root movement? The answer to 
this lies in the domain of pathology, and it is far from the purpose of an 
anatomist to trespass therein. It will be evident, however, that an 
increase in the amount and density of the connective tissue of the root and 
its extensions, particularly if accompanied by adhesions to the posterior 


8 Jarré (Radiology, 1930, p. 387) has described a rotatory movement “from the back to 
the front” with descent, in the lower lobe, in inspiration. 
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thoracic wall, could have no other than an inhibiting effect on normal 
bronchial movements. Such a condition might well diminish, or elim- 
inate, the normal elongation and retraction of the bronchial stems, and 
might even overstep the root region proper and be prolonged into the 
bronchial tree itself. We might have a condition of ‘“‘bronchosclerosis,”’ 
following inflammatory conditions of the bronchial wall and enveloping 
tissue, with consequent fibrosis, which would diminish the extensibility 
and elasticity of the tree. Beitzke (1923-1924) speaks of this. Crip- 
pling of the functional movements of the lung would result. Lymph- 
adenitis and lymphangitis of the root region, of tuberculous or nontubercu- 
lous aetiology, might well cause movement restriction, in the acute and 
chronic stages. Bronchiectasis would undoubtedly stop movement. 
Calcified lymph nodes, if numerous, might form important encum- 
brances. It is well to note that the stiffening pathological processes 
might begin early in life; indeed it is more than possible that this is the 
most serious time of life for their occurrence. 


ADVERSE EFFECTS 


The effect of prolonged restraint on normal function of the SRR region 
could hardly be other than adverse. The bronchi, denied their usual 


freedom of movement, would probably become atrophic, and their motor 
mechanism unable to deliver them of foreign material or exudate which 
chanced to enter. What would happen to the lung tissue: would there 
be a condition of atelectasis? In the absence of normal movements, 
would the lymphatic drainage decline in efficiency? What would be the 
effect on the bronchial and pulmonary circulations? Would these de- 
partures from the normal create a locus minoris resistentiae? What would 
be the effect on the muscle and elastic tissue? 


CIRCULATION 


It is not intended here to discuss the pulmonary circulation, but a word 
should be said regarding the movements of the pulmonary arteries and 
veins in association with those of the bronchi. A glance at the figures 
already presented will convince all that these vessels must elongate during 
inspiration, and shorten during expiration; this makes it certain that 
there must be a structural basis for such an adaptation. When the ves- 
sels are stretched they should not be narrowed; otherwise there would be 
an obstruction to the blood-flow during inspiration, and we know that 
this flow is even freer then. There must be a mechanism, too, for self- 
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shortening, in association with the contraction of the bronchi. I have 
noted that, in the pulmonary vessels, there is an armature of elastic 
fibres whose direction is largely longitudinal, and this, like the similar 
mechanism in the bronchi, may be presumed to shorten these vessels in 
passing from the inspiratory to the expiratory phase. The structure of 
the muscle of the pulmonary arteries is interesting, and has recently 
been studied by Ettinger (1931), who finds that the direction of the fibres 
in the ox and guinea pig would be favorable to the lengthening and short- 
ening of these vessels synchronously with the bronchial tubes. In the 
cat, too, he found an outer longitudinal coat of muscle fibres in the pul- 
monary artery. 

Lengthening of the blood-vessels, as in the case of the bronchi, must 
occur from the pull of the surrounding connective tissue of the expanding 
lung. The branches of both blood- and air-tubes are fastened directly 
to the bases of alveoli, and the expansion of these must necessarily in- 
crease the length of the tubes, and may also have a dilating effect. Re- 
striction of these movements may have an adverse influence on the circu- 
lation of the SRR region. 

The consideration of the question of the circulation in the stagnated 
SRR region suggests the broader aspect of the same problem, namely, 
the circulation through any part of the lung which is quiescent. Keith 
(1909) tells us that “those who lead sedentary lives use their lungs to 
only 10 per cent or even less of the full pulmonary capacity.” In such 
lungs, most of the tissue is inactive. What happens to the blood-stream 
then? It would seem unlikely that all of the blood-stream is then de- 
flected through the relatively small area of active lung. If, then, the 
blood is actually traversing the quiescent lung, which seems likely, is it 
going through the capillaries, or is there a short cut, through arterio- 
venous anastomoses, to the veins? We are learning about the presence 
of such anastomoses in the rabbit’s ear through direct observations of 
them through an artificial window, as conducted in the laboratory of 
Eliot R. Clark of Philadelphia, and it does not seem impossible that they 
should be found in the lung. I have, however, been unable to discover 
any evidence of this in the literature. Coryllos and Birnbaum (1929) do 
not suggest their occurrence. The work of the right ventricle would be 
made easier if the blood, instead of passing uselessly through unventi- 
lated capillaries of the alveolar walls, could be shunted directly into the 
pulmonary veins. Such anastomoses, in the connective tissue of the 
rabbit’s ear, have been shown by the Clarks to be capable of opening and 
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closing; and, if similarly endowed in the lung, they could close off when 
it was desirable to pass the blood through the capillary lake, and could 
open up when that was not necessary. Further research will doubtless 
answer this question. 


DRAINAGE 


It has been said, too, that the bronchi of the SRR region are unfavor- 
ably situated with regard to drainage. Many of the terminals point to 
the stationary wall. It seems reasonable to assume that, in the event of 
a stagnation such as that described, the evacuating mechanism of these 
bronchi would be impaired. This consists (in addition to the well-known 
ciliary action, and the coughing mechanism) of a peristaltoid movement 
of the bronchial wall, produced by the bronchial musculature, and 
assisted by the elastic tissue. Crippling of this mechanism, through 
atrophic changes due to interference with normal extension and shorten- 
ing movements, or with blood- and lymph-flow, or on account of dimin- 
ished resistance and resulting pathological changes, or because of all of 
these combined, could hardly be without adverse results, and might 
well turn the scales in favor of the development, in the SRR region, of 
pathological lesions, not the least important being those of tuberculosis. 
Infective exudate, once it had gained entry into these tubes, would be 
more likely to remain and induce lesions than in normal bronchi. The 
effect of limitation of pulmonary movement has been studied experi- 
mentally: for instance in Kaufmann’s Pathology (p. 435) it is stated that 
Bacmeister, in rabbits, constricted the upper thorax and vicinity with 
wire, and “‘succeeded in demonstrating a predisposition of the apex to 
both aerogenous and hematogenous infection.”’ 


TUBERCULOSIS 


I am not a pathologist, nor a clinician, and it would therefore be pre- 
sumptuous for me to discuss the pathology of tuberculosis. I have been 
impressed, however, with the communication and demonstrations made 
at this Congress by Sweany, Kegerreis and Cook, which indicate that 
secondary tuberculous cavities frequently occur in the SRR region. 
The “subapical” region has long been looked upon as a favorite locus 
for tubercle development, and there have been many attempts to explain 
this preference. Keith, (1909), for instance, states (p. 188): “In those 
who have contracted a lazy habit of body it is possible for the parts of the 
lung which are the most remote from the surfaces of direct expansion and 
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at the same time of a low degree of distensibility, to pass into a condition 
of partial or almost complete disuse; such a part is that region of the apex 
where phthisis so frequently commences.” The ultimate explanation 
must, of course, come from the pathologists, but I feel that the peculiar 
conditions in the SRR region which I have described may be of service in 
arriving at it. In discussing these matters with clinicians they point out 
that rest tends to cure tuberculosis, not to favor it; and they raise the 
objection that quiescence of the SRR region might be expected, from that 
point of view, to ward off tuberculous lesions from it, rather than to pre- 
cipitate them in it. One might point out, however, that rest of an ad- 
vanced lesion, constitutional as well as local, is quite a different proposi- 
tion from chronic subjection to restraint of movement and its probable 
attendant disorders which I have pictured as being established in the SRR 
region. Because the stagnant region is functionally at a low ebb, it is 
not necessarily resting; indeed it may be undergoing more than ordinary 
strain. We may rest a joint for acute inflammation, but who would 
gainsay that permanent splinting of a healthy joint would fail to injure 
it? Although advanced tuberculous lesions are undoubtedly benefited 
by such rest-fostering interferences as thoracoplasty, phrenicotomy and 
artificial pneumothorax, that is no indication that restriction of lung-root 
movement would have a like beneficial effect on the SRR region: indeed 
it might well be quite the reverse. Aside, too, from the point of likeli- 
hood of tuberculous lesions to arise in the SRR region, is it not possible 
that, with an immobilized or restricted root, they would be less amenable 
to treatment by the aforementioned collapsing techniques than those 
situated elsewhere? Anatomically, it would be expected that cavities 
situated in the SRR region would be less easily collapsed than those of 
other parts. 


PROSPECT 


The problem of normal lung-root movements, and the significance of 
interference with them, calls for concerted research on the part of clini- 
cians, pathologists and roentgenologists, especially the last-mentioned. 
It would seem particularly necessary to study this physiological phe- 
nomenon in children. I should like to see a survey made of a large 
series, 10,000 or more, of young children, for range of root movement. 
X-ray films, with the child in exactly the same position, taken antero- 
posteriorly, at the end of full inspiration, and of full expiration, would 
show this for the more important downward and outward direction, and 
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a certain amount of information, for the forward direction, could be 
gained by transverse views. These cases could then be classified, ac- 
cording to range of movement, and cases of limitation of movement cor- 
related with mediastinal density, and with pulmonary lesions, particu- 
larly those of the SRR if present. These cases would be followed, the 
proportion coming down with tuberculosis ascertained, and the distribu- 
tion of lesions among the series determined, to see if there is any real 
correlation between limitation of lung-root movement and development 
of tuberculous lesions in the SRR region. If it should be shown that a 
child with limited lung-root movement was more likely than one with nor- 
mal movement to come down with tuberculosis, special precautions would 
be instituted in these cases. The matter has an important public-health 
aspect. 

Although, one would think, such a survey would be specially indicated 
for children, this would not preclude its being carried out with all ages 
and both sexes. Here is an important physiological phenomenon which 
needs investigation. Lung-root movement may vary with physical 
type, race, sex, and many other factors. Standards should be laid 
down. I should like to see the matter taken up by the pathologists. 
In cases of tuberculosis, incipient, moderate and advanced, coming to 
autopsy, an examination of the root region and associated mediastinum 
should always be undertaken, to see if there is an increase in fibrous tissue, 
or calcific deposits, or any other pathological changes which would lead 
to the partial or complete immobilization of the root. Evidences of 
bronchosclerosis should be specially noted. It is possible that complete 
immobilization never occurs, but it seems more than probable that the 
restriction may be so marked as to be fraught with serious consequences. 
It would be particularly illuminating to be able to examine lung roots at 
autopsy which had shown, roentgenologically, limitation of movement, 
especially if associated with tuberculous lesions in the SRR region. 
Needless to say, all cases of tuberculosis, at whatever stage, should be 
subjected to examination for range of root movement. 

If, in such an X-ray survey as that just suggested, there were found 
individuals, who showed restricted root movement but no obvious 
tuberculous lesions, they might be studied for evacuation capacity of the 
bronchi in the SRR region, by injecting iodized oil into them (and also 
into those of other regions for purposes of comparison) and noting the 
comparative time and efficiency of evacuation. These cases should be 
controlled, of course, with those showing no such root-movement limita- 
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tion. A series of such cases should go far to settle the point of whether 
or not the SRR region, with (or even without) root-movement restriction, 
has more difficulty than other parts in ridding itself of injected foreign 
matter or exudate. 

We may have, then, in restriction of root-movement, a definite factor 
in the causation and course of tuberculosis of the lungs which, when asso- 
ciated with other known predisposing agencies, is of great moment. The 
importance of bronchosclerosis, and its locale, should be studied care- 
fully. It is quite probable that it involves not only the root region, but 
the more peripheral parts of the lung as well. The bearing of bronchitis 
of various types, bronchiectasis, and other conditions, on its causation 
should be canvassed. 

May I close with the expressed hope that this paper will stimulate the 
undertaking of the researches indicated at an early date? It is regretted 
that space will not permit the discussion of the structure of the bronchi 
associated with bronchial movements, or the consideration of other types 
of movement, such as that designated as “‘peristaltoid,” which seems to be 
associated with the removal from the air-tubes of foreign materials and 
exudates. For such points, reference to my earlier papers, and those of 


Hudson and Jarré (1929 a and b), Heinbecker (1929) and Francis (1929) 
may be made. The bearing of all of these movements on pathological 
problems in the lung would seem worthy of careful consideration. 
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OLEOTHORAX! 
RAY W. MATSON 


To Bernou (1), in 1922, is due the credit of having first proposed the 
use of massive quantities of antiseptic oil in the pleural cavity for thera- 
peutic purposes, a method of treatment to which he applied the term 
leothorax. Bernou first advocated oleothorax for the treatment of 
pleuropulmonary fistulae, particularly those of the valve type or cases in 
which the opening was very small. Since Bernou’s original publication 
. tremendous amount of work has been done, particularly by the French, 
but the method has received little or no attention in America. 

Oleothorax, like all new methods of treatment, has been subjected to 
the oscillations of professional opinion. By some of the most eminent 
French phthisiologists it is heralded as one of the most valuable adjuncts 
to collapse therapy. By another group, it has been most bitterly 
assailed. There is this to be said, however: the staunchest advocates of 
the method attribute the failure of those who condemn it to a lack of 


experience in the treatment, improper selection of cases, failure to carry 
out a proper technique, or inadequate observation of patients. Certain 
it is that oleothorax therapy requires far more technical skill, keener 
judgment in the selection of material, and far closer observation of cases 
than is required in artificial-pneumothorax therapy. 


INDICATIONS FOR OLEOTHORAX 


Oleothorax is indicated in the course of pneumothorax therapy under 
the following conditions: 


First: As a Disinfection oleothorax, for the treatment of pneumo- 
thorax empyema. 

Second: As an Inhibition oleothorax (oleothorax antisymphysaire), 
to prevent expansion of the lung in cases in which a satisfactory collapse 
cannot be maintained by air inflations because of a threatened early 
»bliterative pneumothorax. 

Third: As a Compression oleothorax, to reéstablish collapse in cases in 


1From the Department of Medicine, University of Oregon Medical School, Portland, 
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which air inflations have failed to maintain a proper collapse of the 
diseased lung tissue. 


Other questionable indications, or indications of lesser importance, are 
(1) The collapse of rigid-wall cavities in which an intrapleura! 
pneumolysis is impossible. 
(2) Stiffening of a labile mediastinum. 
(3) Caseous tuberculous pleuritis, as a prophylactic measure against 


empyema. 
(4) Febrile reactions to gas. 


Absolute contraindications are: 

(1) Pleuropulmonary fistula with a large opening. 

(2) Ordinary serofibrinous exudates complicating an artificial 
pneumothorax. 

(3) As a substitute for pneumothorax in patients who, for various 
reasons, are unable to undergo a prescribed course of pneumothorax 
therapy. 

(4) Inability to maintain collapse on account of too rapid absorption 
of gas. 


While oleothorax therapy has been applied successfully in pleuro- 
pulmonary fistula with a small opening, its use in cases having a large 
opening is contraindicated for the reason that the discomfort of the 
unfortunate patient would only be aggravated by the continuous ex- 
pectoration of oil, which might prove suffocating or set up a dangerous 
aspiration infection. 

Oleothorax therapy is not recommended for the treatment of sero- 
fibrinous exudates complicating an artificial pneumothorax because the 
pleura is likely to be irritable and respond with a purulent exudate- 
formation which would only aggravate the situation. 

It is not recommended as a substitute for pneumothorax therapy 
in patients, who, for various reasons, are unable to undergo the pre- 
scribed course of pneumothorax treatment, for the reason that oleothorax 
patients require much more careful observation and stricter regimen 
than is required in pneumothorax therapy. Therefore, if a patient is not 
in a position to undergo a course of pneumothorax therapy, he is a poor 
candidate for oleothorax therapy because of the danger of complications. 

It is not recommended as a substitute for pneumothorax therapy in 
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patients in whom there is difficulty in maintaining a collapse on account 
of the too rapid absorption of air. It is much better to shorten the air- 
inflation interval than to subject the patient to the danger of a com- 
plication, which might lead to early fixation of the lung to the chest-wall. 


GOMENOL 


Gomenol (2) (Niaouli oil) is a volatile oil, colorless or slightly yellow, 
aromatic; obtained by distillation of the leaves of the Melaleuca viridi- 
flora, belonging to the family of myrtle trees growing abundantly in the 
region of Gomen, New Caledonia, from which the name of the product is 
derived. The niaouli forests extend between pasture land and the primi- 
tive forest up to an altitude of 300m. In its properties and composition 
niaouli oil closely resembles cajaput oil. 

Composition: Coneol (35 to 60 per cent) is the principal constituent 
and is accompanied by a laevogyrate substance of the same boiling point. 
About 30 per cent of the oil is composed of crystallizable a-terpinol 
(m.p. 35°) and its valeric ester. In addition, traces of acetic and butyric 
acid esters are present. 

The toxicity and bactericidal properties of gomenol and its vapor have 
been studied very carefully. Baumetz and Main (3) studied the toxicity 
of gomenol by injecting a rabbit subcutaneously, using 4 gm. of gomenol 
in an equal volume of olive oil for each kilogram of the animal’s weight. 
They found that the animal presented no extraordinary phenomena. 

Dubousquet-Laborderie (4) injected a dog subcutaneously with 6 gm. 
per kilogram of the animal’s weight, without obtaining any signs of 
intoxication. 


Bactericidal Properties 


Clerc (5) studied the action of gomenol, as well as that of its vapor, 
with reference to its capacity to inhibit the growth of bacteria, and asa 
bactericide both im vitro and in vivo. 

Action in Vitro: Clerc exposed gelatine cultures inoculated with 
staphylococci to the vapor of gomenol and found colonies after 72 hours, 
but the colonies were small as compared with those in the control tubes. 
He also found that the vapor of gomenol inhibited very materially the 
growth of the human tubercle bacillus, but after nine weeks’ exposure the 
vapor was not sufficient to destroy all organisms in the culture. 

Action in Vivo: In Clerc’s animal experiments, in which he inoculated 
zuinea pigs with pure cultures of the tubercle bacillus, to which gomenol 
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had been added, he found that the experimental animals lived very much 
longer than the controls. He injected tubercle bacilli into the pneumo- 
thorax cavity of rabbits carrying an artificial pneumothorax, after which 
he employed gomenol and found that it inhibited the development of 
tuberculous changes, and that tuberculous changes, when developing, 
were much retarded and less severe than in the control animals. 

Antitoxic Action: In order to study the antitoxic influence of gomenol, 
Clerc used the toxin of the organisms of botulism, diphtheria and tetanus. 
He found that 10 times the fatal dose of botulinus toxin was completely 
neutralized by 0.5 cc. gomenol. 

As a result of his researches Clerc concluded that gomenol possesses a 
marked influence in inhibiting the growth of many microérganisms, and 
that this property is particularly pronounced toward the acid-fast grou; 
and less so toward the staphylococcus. The bactericidal power varies as 
against different organisms. The acid-fast organisms were killed in fron 
five minutes to three hours, whereas it required from three to nine hours 
to kill the staphylococcus. Clerc believes therefore that a concentration 
of 4 to 5 per cent is sufficient in tuberculous empyemata, whereas th« 
mixed-infection empyemata require a very much higher concentration 
(5 to 10 per cent). 


Preparation and Selection of Oil 


As a base, two types of oil are used,—mineral and vegetable; the first 
in the form of paraffine oil and the second in the form of olive or Wesson 
oil. The oil is rendered antiseptic by the addition of gomenol in a 
strength varying from 1 to 10 per cent, depending upon the purpose for 
which it is to be employed. Both Kiiss (6) and Courcoux (7) add a small 
quantity of eucalyptol (about one-fifth the quantity of gomenol), be- 
lieving that it makes the preparation more efficacious and less irritating. 

Gomenolized paraffine oil is recommended for all types of oleothorax, 
except in the treatment of a virulent mixed-infection empyema, in which 
event gomenolized olive oil or Wesson oil may be used. 

In the inhibition oleothorax (oleothorax antisymphysaire) and all cases 
in which a purulent exudate does not exist, either pure paraffine oil 
or paraffine oil to which 1 per cent gomenol has been added, is used. I 
Germany, jodipin, an iodized oil, is used in strengths varying from 2 t 
10 per cent, in preference to gomenol. Diehl (8) has used jodipin i 
strengths as high as 40 per cent, and claims that it is well borne and with. 
out danger of iodism. One of the advantages of jodipin is the excellen 
contrast it provides on X-ray films. 
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Disinfection Oleothorax: Paraffine oil, to which 5 per cent gomenol has 

en added, is recommended for the nontoxic chronic pneumothorax 
c apyemata. Paraffine oil, olive oil or Wesson oil, to which 10 per cent 

menol has been added, is recommended as a disinfectant for those 
rulent and toxic types of pneumothorax empyema that are usually 
mplicated by the presence of a secondary infection. As already 
; ointed out, gomenol, to be effective in these cases, must be used in 
< rong concentrations; otherwise, it is unable to inhibit the growth of 
s-condary invaders or kill them. One must be guided by personal 

‘perience in the selection of an oil, it being borne in mind that each oil 
possesses an advantage. Gomenolized paraffine oil is less absorbable and 

ss irritating to the pleura than olive oil or Wesson oil. On the other 

ind, olive oil and Wesson oil not only possess great nutritive value, 
ut, being more absorbable, allow the gomenol to penetrate deeper into 
ie pleura. It is furthermore to be borne in mind that, whereas olive 
oil provides an excellent medium for the development of pyogenic 
organisms, it is reported that after extensive bacteriological studies 
bacteria will not propagate in paraffine oil. 

If paraffine oil is used, it must correspond to requirements of the 
United States Pharmacopoeia. It should be odorless, tasteless, colorless, 
and possess a specific gravity of 0.880 to 0.885 and a minimum Saybold 
viscosity of 220 at 100°F. 

If a vegetable oil is used, it must be of a high grade, chemically pure, and 
neutral in reaction. Wesson oil, which is a cottonseed oil’closely resemb- 
ling olive oil, is not only cheaper but is equally good. 

In preparing the oil, it is customary to add the gomenol in the desired 
strength, and then allow the oil to stand for three weeks so that the two 
oils are thoroughly mixed. If paraffine oil is used, it is sterilized in its 
original container. One has only to uncap the bottle and withdraw 
about one-tenth of its volume. The neck is then stoppered with a small 
pledget of gauze or nonabsorbent cotton and covered with rubber tissue. 
Clive oil can be poured from its original container into flasks and stop- 
pered in a similar manner. The containers are then placed in an auto- 
c ave and sterilized by subjecting them to: 30 lb. of steam-pressure for 
*) minutes (275° F.), or 20 lb. steam-pressure for 30 minutes (260° F.). 

will be found most convenient to keep the oil on hand in 100-cc. 
containers. Once a container has been opened, it should be resterilized 


| -fore using again. 
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ULTRAVIOLET-IRRADIATED PARAFFINE OIL 


During recent years we have had abundant opportunity to observe thx 
remarkable healing influence of ultraviolet radiations upon the infecte: 
visceral pleura exposed by the undecking operation for empyema. A\| 
most invariably we have noted a rapid cleansing of the suppurative su: 
face and a decrease of secretions followed by the appearance of health: 
granulation tissue. 

Eising’s (9) observations concerning the beneficial influence of irra 
diated petrolatum upon suppurative sinuses led us to investigate th 
use of ultraviolet-irradiated paraffine oil in the treatment of empyem: 
Eising has demonstrated that with few exceptions oleaginous substance 


Fic. 1. A photographic film with contrast marker, after having been exposed to irradiated 
paraffine oil for forty-eight hours in light-proof box. 


take up secondary radiance upon exposure to the ultraviolet ray. There- 
fore, it remained for us only to determine the stability of irradiated 
paraffine oil, since, to be of value in the treatment of empyema, a more 
or less prolonged “‘light-bath” effect is essential. In order to determine 
this point, 250 cc. of paraffine oil were placed in an open cylindrical glass 
jar four inches in diameter. The oil was then exposed to the ultraviolet 
light for two hours, after which the top of the jar was covered with a 
photographic film, upon which a contrast marker had been placed. 
The container was then placed in a light-proof box for forty-eight hours. 
At the end of this time, the photographic film was developed and ex 
hibited a very marked contrast (figure 1). The stability of the prepara 
tion was then determined by making other film exposures at variou 
intervals. We determined that the actinic property of this irradiate: 
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il lasted as long as a week. It was apparent therefore that the prep- 
ration would be serviceable in the treatment of empyema. Since that 
‘me several cases have been treated by irradiated paraffine oil, but the 
lapsed time is too short to justify reliable conclusions. The use of a 
rolonged liquid “‘light-bath” to the infected pleura, however, appeals 
o us very strongly and is certainly ‘vorth a trial. 


SYRINGES, STOPCOCKS, NEEDLES 


Three types of syringes are used: 10-, 50- and 100-cc. When small 
quantities of oil are to be introduced into the pleural cavity, that is, for 
testing purposes, the 10-cc. syringe is employed. The 50-cc. and 100-cc. 
syringes are used for handling larger quantities of oil (100 cc. or more) 
and for aspirating and irrigating purposes. It is important that the 


Fic. 2. Illustrating needles and stopcocks used for aspiration, irrigation and instillation 
of oil purposes. 1-3: thirteen-guaged needles. 2: four-way stopcock. 4: one-way stop- 
cock. (The latest model is equipped with a Luer lock.) 


lumen of the syringe-tip be of such diameter that exudates or oil can be 
aspirated or expelled easily. The lumen of the tip of the syringes used 
should have a minimum internal diameter of 0.054 inch, or 1.35 mm. 

Two types of stopcocks are used, the one-way and the four-way 
(figure 2). The four-way stopcock has two lateral arms, each equipped 
with a valve. One arm is used for aspirating air into the syringe in re- 
placing an exudate, or it is connected by means of rubber tubing to con- 
tainers holding irrigation solution or oil. The other arm is connected by 
means of rubber tubing to a discard basin and is used only for discard 
purposes. The lumen of the stopcocks should possess a minimum in- 
ternal diameter of 0.054 inch, or 1.35 mm. The one-way stopcock is 
equipped with a Luer lock-needle connection, so that it will not become 
detached during aspiration or injection. It is used in cases in which 
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small quantities of exudate are to be replaced with oil, and in all cases in 
which a pneumothorax is being converted into an oleothorax. The four- 
way stopcocks are fitted to the syringe and connected with the needle by 
means of a small length of rubber tubing, and are used in pyothorax 
cases in which large quantities of exudate are to be removed, followed 
by a thorough irrigation of the pleural cavity and oil replacement. 
The needles employed possess the following dimensions of lumen: 
15 gauge is 0.054 inch or 1.35 mm.; 14 gauge is 0.063 inch or 1.6 mm.; 
and 13 gauge is 0.071 inch or 1.8 mm. The needles are of variou: 
lengths, 2.5 to 5 inches, and some are equipped with an eye on the side 
1/8 inch from the tip, for use in cases in which floccules of fibrin are likel; 
to occlude the needle, rendering aspiration difficult. 


TESTING THE SENSITIVENESS OF THE PLEURA 


Since any substance, even air, injected into the pleural cavity is a 
foreign body and likely to provoke a reaction, it is imperative, before 
attempting to establish an oleothorax, to test out the sensitiveness of the 
pleura to oil, except when a disinfection oleothorax is contemplated, in 
which event it is of less importance because the pleura has already lost a 
great deal of its sensitiveness to irritation as a result of the formation of a 
purulent exudate. The reaction to the test-dose depends entirely upon 
the sensitiveness of the pleura at the time. 

Early in our work, we used from 10 to 20 cc. of pure paraffine oil, or 1 
per cent gomenolized paraffine oil, as a preliminary test-dose, which was 
in accordance with the technique followed by Bernou (10), Kiiss (11), 
Armand-Delille (12) and others. After having observed some very 
severe reactions, we adopted the plan of using small test-doses in the 
following manner: As soon as it has been decided that air inflations are 
no longer efficient to maintain collapse of the diseased lung tissue for the 
desired length of time, we begin by injecting 1 or 2 cc. of 1 per cent 
gomenolized paraffine oil through the inflation needle into the pneumo- 
thorax cavity, after which the patient receives his regular inflation. A 
reaction to this dose rarely occurs. At the next regular inflation period, 
4 cc. are injected and inflation is carried out as usual. Even though a 
constitutional reaction has been absent, a third test-dose is not made 
until one is certain, either by fluoroscopic examination or exploratory 
puncture, that an exudate is not present. If an exudate is present, it 
should be aspirated and the inflation carried out as usual, ut oil in- 
jections are withheld until all tendency to exudate-formation has com- 
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pletely subsided. If there has been no intrapleural or constitutional 
rc ction to the second test-dose, the third test-dose, consisting of 8 cc. 
o: oil, is injected through the inflation needle and followed by the usual 
i lation. If no reaction occurs to the third test-dose, we usually inject 
1. or 20 cc. of oil as a fourth test-dose at the next regular inflation inter- 
v.l. In the absence of a reaction, the quantity of oil injected at each 
sequent sitting is usually doubled, up to an injection of 200 cc., after 
w ich the dose is increased 100 cc. at each sitting, but one should never 
inject more than 500 cc. at one time. A very much similar plan is 
foilowed by Kiiss (6), although he has no hesitancy in injecting 500 to 
600 cc. of oil at one sitting; after one or two test doses of 10 to 20 cc. 
The conversion of a pneumothorax requiring more than 2,000 cc. of oil in 
a man, or 1000 to 1,500 cc. in a woman, is not recommended.  Ulrici (13) 
is much more conservative in his treatment, and does not undertake fill- 
ings of over 700 cc., which is of course sufficient to blockade only a 
relatively small pneumothorax cavity. 

If the regular gas intervals are more than one month apart, the test- 
doses up to 20 cc. can be made at intervals of a week or ten days, but the 
patient should be confined to bed and carefully observed. Furthermore, 
one should always explore the pleural cavity to determine the presence or 
absence of an exudate before making further injections, after the second 
or third test-dose has been administered. If this rule is followed in 
every case, one will be spared the embarrassment of suddenly finding 
that a purulent exudate has developed unrecognized. 

In making the exploratory puncture, the patient is placed recumbent 
in the dorsolateral position; the needle is then inserted into the most 
dependent portion of the pneumothorax cavity, after which the patient 
is seated upright and aspirated, using a 50-cc. or 100-cc. syringe. An 
exudate, if present, occupies the lower level and the oil, being of a lighter 
specific gravity, floats on top. The fluroroscopic examination gives 
little or no information concerning the presence or absence of an exudate, 
in the presence of oil, for the reason that the eye is not sensitive enough 
t. differentiate the oil from exudate strata on the screen. By means of 
a good radiograph, one is able to recognize a purulent exudate beneath 
the overlying oil because of the difference of density of the two shadows 
( gures 20 and 33). 

There is no way of telling beforehand what the reaction of the pleura 
w ll be to the test injection. If the pleura proves to be extremely sen- 
si: ive to the gomenolized oil, one might try paraffine oil, which is per- 
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haps less likely to produce reactions and is equally efficient, exce; 
when the oil is to be used for disinfectant purposes, the only advantag 
of the gomenolized oil being that it is slightly antiseptic. 

It is generally believed that a recently inflamed pleura is more sensitiv 
than one which has not been the site of an inflammatory process, bu 
this is not in accordance with our experience. In one of our cases, i 
which the patient had a recent exudative pleuritis, we replaced 300 c: 
of air with 300 cc. of 1 per cent gomenolized paraffine oil at the fir: 
sitting, -and there was no reaction. On many occasions we have r 
placed 100 to 250 cc. of air with paraffine or gomenolized paraffine oil : 
the first sitting, without reaction. This experience is in accordance 
with that of Diehl (14), who aims to fill the pleural cavity as completely 
as possible, even at the first sitting, believing that reactions are muci 
less common by this method. On the other hand Morin and Bouessée 
(15) report a striking number of complications in a material consisting of 
60 cases. They advise gradually increasing quantities of oil and recom- 
mend at least six months in attaining a complete filling of the pleural 
cavity. 

In many of our cases which were rapidly converted without reaction, 
there had been a recent exudative pleuritis, and in other cases there was 
no evidence of a previous inflammatory process in the pleura. While it is 
our custom to occupy two or three months in the conversion of a pneumo- 
thorax into a complete oleothorax, we have also, with perfect ease and 
without reaction, converted other cases within a period of one or two 
months. In one of our cases, 1950 cc. of air were replaced with oil in one 
month. In another case, 1680 cc. of air were replaced with oil in two 
months, both without complications or reactions. 


REACTIONS 


The reaction of the pleura to oil depends upon its irritability at the 
time. We do not know what factors bring this about; a slightly irritable 
pleura usually responds with a serous or serofibrinous exudate; a highly 
irritable pleura responds with a purulent exudate. Reactions are likel 
to occur at any phase of the treatment. In many cases we have observe‘! 
no reaction to steadily increased quantities of oil until we reached a dos 
of 50 or 100 cc. From this standpoint, the following case is instructive: 


M.S.: Case no. 5306: Following a pyothorax, there developed an early obliter- 
ative pneumothorax associated with rapidly rising intrapleural pressures, eve 
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o steadily decreasing air inflations. An attempt to establish an oil blockade 
vas carried out as follows, using 1 per cent gomenolized paraffine oil: November 
, 1929: 5 cc. oil injected; no reaction. December 10, 1929: 10 cc. oil injected; 
o reaction. (Following the second test injection, the patient was obliged to 
ake up her residence elsewhere. This change necessitated a journey of 125 
niles and rendered careful observation impossible.) 

January 18, 1930: 20 cc. oil injected; 48 hours later the patient became 
violently ill during the night, complaining of chilly sensations, aching “all 
ver,” nausea and profuse vomiting; maximum temperature 99. The patient 
‘thought she was coming down with the “grippe.”’ On the following morning, 
she complained of a severe head cold; all symptoms subsided in the course of 
three days. 

February 15, 1930: Patient stated that she had felt unusually well for the 
past three weeks. Exploration of the pleural cavity revealed no exudate; 
20 cc. of oil were injected. There was no reaction. 

March 15, 1930: 40 cc. oil injected; no reaction. 

April 15, 1930: 80 cc. oil injected; no reaction. 

April 27, 1930: 150 cc. oil injected. Following this injection the patient 
reported that she developed a symptom-complex resembling “grippe,”’ asso- 
ciated with a moderate temperature elevation. All the symptoms except the 
iever subsided in the course of a few days. She was next seen June 12, 1930, 
at which time she reported that during the past six weeks she had felt fairly 
well, although her fever had persisted at a daily maximum average of 100°. 
Upon exploration of the pleural cavity, 50 cc. of purulent exudate were re- 
covered and the oleothorax abandoned, 300 cc. of oil being withdrawn. 


This case illustrates two important points: first, the symptom-complex 
attributed to a cold following the third test injection was undoubtedly due 
to a toxic reaction; second, had circumstances permitted a more careful 
observation, the development of a purulent exudate might have been 
avoided. On the other hand, we have seen a single injection of 5 cc. of 
gomenolized paraffine oil produce a serous exudate which persisted for 
more thana year. In one case a single test injection of 2 cc. of 1 per cent 
gomenolized paraffine oil was followed, in twelve hours, by marked toxic 
phenomena. The patient described her condition as being “sick all 
ver,” with grippy sensations and nausea but no vomiting. She expe- 
‘ienced pain in the lower portion of the chest. The temperature was ele- 
vated one degree. This condition persisted for three days after which 
she stated that she felt ‘“‘fine.”’ Two weeks later the fluoroscopic examin- 
ition revealed a small quantity of exudate occupying the costophrenic 
ingle, which, upon aspiration, proved serous in character and- amounted 
0 only 5 ce. 
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It is interesting to note that in some cases, whereas the oil proved in 
tensely irritating and caused an exudate-formation, this complicatio 
subsided with a continuation of the use of the same irritant. 

Once a reaction occurs, it should be allowed to subside completely, afte 
which one begins again with small doses (5-10 cc.). Ii, at any time, a 
exudate-formation occurs, it is better to aspirate the contents of tl 
pneumothorax cavity and abandon the use of oil temporarily until th 
exudate-formation has completely ceased. In several cases, becau: 
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Fic. 3. Severe febrile reaction accompanied by purulent exudate-formation, following 
injection of gomenolized oil. The exudate did not recur following a single aspiration and 
irrigation of the pleural cavity. The oleothorax was reéstablished without further com- 
plications. 


of the irritability of the pleura, we have been compelled, more than 
once, to temporarily abandon the partially established oleothorax. In 
a few cases we were successful in converting the pneumothorax into an 
oleothorax only after two or three failures, and in one case we succeeded 
in establishing an oil blockade only after having failed four times. It is 
much better to take two or three months, or even six months, in the 
conversion of a pneumothorax into an oleothorax rather than to face 
failure by a too rapid conversion. 

Reactions are classified as follows: (1) intrapleural and (2) constitu- 
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ti nal. The intrapleural reactions consist of pain and exudate-for- 
nition. The pain usually involves the entire hemithorax. The exu- 
d te-formation may be serous, seropurulent or purulent, ‘and may 
d velop without pain or constitutional symptoms, although, as a 
r le, when an exudate develops it is associated with low-grade fever. 
| 1e purulent exudate-formation is usually associated with a marked con- 
s itutional reaction, although we have seen it develop without any dis- 
turbance. The most frequent constitutional symptom is fever, which 
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Fic. 4. Delayed reaction to gomenolized oil. A few aspirations and irrigations sufficed 
bring about relief, after which the oleothorax was reéstablished. 


ay be the only symptom. A febrile reaction may manifest itself in 
any different forms. Usually, the reaction occurs within twenty-four 
urs after the injection. The elevation of temperature may be moder- 
e, around 100°, and disappear within two or three days or persist for 
week or ten days. In other cases the febrile reaction is more marked, 
ie temperature rising to 101° or 102° within a few hours and subsiding 
the course of a few days. 

In still another group the febrile reaction is very severe and is asso- 
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ciated with profound constitutional disturbance (chills, etc.). In the.« 
cases the temperature rises rapidly, reaching 102° to 103° within twent.- 
four to forty-eight hours, at which level it persists, or it subsides sloy 
during the course of two or three weeks. These patients almost in 
riably develop on exudate-formation, usually purulent in charac: | 
(figure 3). 

While febrile reactions usually begin within twenty-four hours, this is 1 
always the case, for at times the patient feels very comfortable for seve 
days or a week, after which the temperature begins to rise gradually a 
may reach a maximum of 101° or 102° in a few days (figure 4). Explo 
tion of the pleural cavity, as in the preceding group, will almost in 
riably reveal a purulent exudate. 

Grippy sensations associated with chills, when the patient descril)es 
himself as being ‘‘sick all over” without chest symptoms (pain or exudat«), 
are common. If the reaction is severe, the patient is profoundly ill; 1 
features are pale; there is marked prostration and total anorexia, and ti 
temperature varies from 101° to 103°. Severe reactions of this type are 
usually associated with exudate-formation. 

The reaction may be of the gastrointestinal type, the patient complain- 
ing of nausea, vomiting and anorexia, unassociated with any symptoms 
referable to the chest. And lastly, the reaction may be of a toxic type, 
when the patient complains only of prostration and weakness. This oc- 
curred in two of our cases in which a complete oil blockade of the pneumo- 
thorax cavity was effected, and abandoned because the patient com- 
plained of utter prostration and weakness. The symptom-complex 
disappeared after the evacuation of the oleothorax. 

Following is a brief summary of our early experiences concerning the 
frequency and character of reactions after attempts to establish an inhibi- 
tion or compression oleothorax, in a series of 50 cases. In most of the 
cases, we employed large test-doses, 10 to 20 cc., as recommended by 
Kiiss and others. 

Sixty-four per cent of all cases experienced a reaction. The reaction 

‘was of the intrapleural type in 31 cases (62 per cent); 11 cases (22 per 
cent) complained of pain; in 27 cases (54 per cent) there was an exudat« 
formation. The exudate was serous in 11 cases (22 per cent), seropuru 
lent in 4 cases (8 per cent), and purulent in 12 cases (24 per cent). Th 
purulent exudate “cleared up” in 7 cases (60 per cent), so that we we! 
able later to reéstablish an oleothorax, but in 5 cases (10 per cent) we wer 
forced to abandon permanently the oleothorax because of the purulen 
exudate-formation. 


Fic. 5. Position of patient in replacing air with oil. 
Fic. 6. Illustrating method of aspirating pleural cavity. 
Fic. 7. Illustrating method of irrigating the pleural cavity. 
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Constitutional reactions occurred in 25 cases (50 per cent). Fever w 
the most constant constitutional symptom, occurring in nearly all ca: 
presenting a constitutional reaction. Chills or “grippy”’ sensatio: 
associated with fever, occurred in 13 cases (26 per cent). Nausea a 
vomiting occurred in 6 cases (12 per cent), fatigue in 5 cases (10 per cen 
and anorexia in 5 cases (10 per cent). In two cases fatigue was the o1 
constitutional symptom and in three cases anorexia was the only sympt: 


Fics. 8, 9 & 10 


The following case illustrates the value of an inhibition oleothorax: 

F. C. 3962: Female, age 18 years. Examination in December, 1924, revealed a ; 
ductive type of tuberculosis, left. Sputum 30 cc.; tubercle bacilli positive. 

Pneumothorax was started on January 7, 1925. Four morths later the sputum bec: 
negative. The collapse was satisfactory in spite of an adhesion which was thought not to be 
of technical importance and which extended from the root of the lung to the lateral chest-w:/l 
In March, 1926, the patient developed a pyothorax which was positive for tubercle bac 
Following this complication, a chronic productive pleuritis developed, which was followed by 
a threatened obliterative pneumothorax. In spite of the fact that the inflation interval 
shortened, the intrapleural pressures rose steadily. In November, 1926, the sputum, a! 
having been negative for twenty-one months, became again positive (fig. 8). Examinatio 
revealed an abundance of moisture at the root and over the base of the lung. A radiograph 
taken at this time showed beginning expansion at these two points. 

December 6, 1926: A phrenic neurectomy reéstablished collapse at the base. January 6, 
1927: An intrapleural pneumolysis was done which reéstablished collapse at the root (fig. 9). 
Inflations of 150 cc. of air at biweekly intervals left patient with an intrapleural pressure of 
+28, +32, and were usually followed by a febrile reaction. 

In May, 1927, the patient again developed a purulent exudate which was positive for 
tubercle bacilli. On June 27, 1927, 200 cc. of purulent exudate were replaced with an equal 
volume of 5 per cent gomenolized paraffine oil. Subsequent treatment consisted of aspiration 
of exudate and replacement with oil. The exudate disappeared completely in October, 1927, 
after which a complete blockade of the pleural cavity was immediately established. The 
expectoration disappeared completely during the year.1928. Forty cubic centimetres of 1 
per cent gomenolized paraffine oil, at intervals of three months, were used for replacement. 
During the year 1929 only 80 cc. of oil were replaced. The oleothorax thus established was 
maintained for over three years. In the meantime the patient has improved steadily. Ex- 
pectoration, when present, has been negative for tubercle bacilli. ‘Temperature continues 


normal and the patient is up and about. 


‘complained of. In 15 cases (30 per cent) we permanently abandoned the 
oleothorax because of the occurrence of reactions which rendered further 
use of the oil inadvisable. 

While the above figures show an enormous frequency of reactions, v 
are happy to state that, following our present plan of using small tes' 
doses, in accordance with the method already described, the frequenc: 
of reactions has been reduced 75 per cent. 
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F.C. 3962-4 9-16-26 
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FC. 3962:5 1-727 9 FC 3962-11 12-53-29 


l'ic. 8. F. C. 3962-4, September 16, 1926. In this case a satisfactory pneumothorax had 
n maintained for over two years. Following tuberculous empyema, the lung expanded 
he base and at the root through traction of a thickened adhesion. The sputum became 
itive after having been negative twenty-one months. 

F.C. 3962-5, January 7, 1927. An intrapleural pneumolysis reéstablished collapse 
he root. A phrenic neurectomy reéstablished collapse at the base. 

"IG. 10. F. C. 3962-11, December 3, 1929. A perfect collapse was maintained for over 

hice years by means of an inhibition oleothorax. Sputum negative. Patient working. 
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INHIBITION OLEOTHORAX (OLEOTHORAX ANTISYMPHYSAIRE) 


This type of oleothorax is established for the purpose of inhibitii 
expansion of a lung when the collapse cannot be maintained by means « 


Fics. 11, 12, 13 & 14 


The following case illustrates the value of an inhibition oleothorax: 

Mrs. J. R. S.: 3870: Examination on June 6, 1924, revealed a fibrocaseous cavern: 
tuberculosis of the left lung with an active infiltration of the right upper lung. Temper. 
ture 102.3; sputum 16 cc.; tubercle bacilli positive. 

Pneumothorax was started in June, 1924. A satisfactory collapse was obtained in sp 
of a lateral! chest-wall adhesion which was thought not to be of technical importance. 7 
patient improved steadily; the sputum became negative and the temperature normal. 
pneumothorax pleuritis appeared in July, 1924, and subsided in September. In Octob 
1924, the patient developed a severe haemoptysis which was thought to have its origin in tlie 
healthierlung. The temperature ranged from 101° to 103° for nine days. Two weeks later a 
fresh pleuritis appeared over the contralateral lung. This was followed by an exudate- 
formation which was treated by means of aspiration and air-replacement. The exudate dis- 
appeared completely within a short time. The small pneumothorax which was establishec 
on the right could not be maintained, as a result of which the lung expanded and attache 
itself to the chest-wall. In December, 1924, an exudate again appeared in the left pleurs 
cavity. This was followed by an average daily temperature of 101° for five days. This 
complication was treated by means of aspiration and air-replacement. In March, 1925, the 
exudate became purulent. A radiograph taken in April, 1925, showed considerable thick en- 
ing of the lateral chest-wall adhesion, with a marked tendency of the lung to expand at the 
root (fig. 11). Treatment by means of asipiration and irrigation brought about relief from 
this exudate-formation. In October, 1925, the exudate had disappeared completely. Coin- 
cident with this exudate-formation, the tendency to an obliterative pneumothorax became 
marked. Theintrapleural pressures began to rise steadily. A radiograph taken in December, 
1925, showed the lung half-expanded (fig. 12) with still more marked thickening of the lateral 
chest-wall adhesion. The patient’s general condition was good, with sputum negative and 
temperature normal, and it was felt that in spite of the rising intrapleural pressure a collapse 
could be maintained for a sufficient length of time to ensure recovery. 

In December, 1926, the patient developed a pneumothorax pleuritis for the third time. 
This exudate disappeared in October, 1927, following which the intrapleural pressures began 
to rise still more rapidly, so that 100cc. of air at biweekly intervals left her with a pressure of 
+6, +9. It was apparent at this time that her pneumothorax could not be maintained long 
enough to ensure recovery, and it was decided to convert the pneumothorax into an oleo- 
thorax. A complete blockade of the pleural cavity was established without reaction or com- 
- plication and has been maintained since that time, now a period of over four years. 

During the year 1928 the patient received 500 cc. of 1 per cent gomenolized oil; during 1929 
she received 270 cc. oil, and during 1930 170 cc. oil were injected. There have been no oil 


replacements during the year 1931. 


air-inflations for the proper time because of the development of an ear'y 
obliterative pneumothorax (figures 8, 9, 10; 11, 12, 13, 14.) 
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MRS. IRS. 3870-10 4-25-31] 


Ig. 11. Mrs. J. R. S., 3870-4, February 25, 1925. Following a pneumothorax pleuritis, 
teration of the pneumothorax cavity was threatened because of the contraction of an in- 
adhesion. 
1G. 12. Mrs. J. R. S., 3870-5, December, 1925. The same case ten months later, showing 
insion of lung due to contraction of adhesion. Intrapleural pressures rising rapidly. 
‘1G. 13. Mrs. J. R. S., 3870-6, March, 1928. An uncomplicated inhibition oleothorax of 
months’ duration has maintained a satisfactory collapse. 
‘1G. 14. Mrs. J. R. S., 3870-10, April 25, 1931. An uncomplicated inhibition oleothorax 
been maintained for over four years. Patient is doing own housework and living an 
nary life. 
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Technique 


After having determined by means of preliminary test-doses that th 
oil will be tolerated by the pleura, a complete blockade of the pleural cay 
ity is accomplished in the following manner: The patient is placed recun 
bent in the dorsolateral position, lying on the healthier side (figure 5). 
small cushion is placed in the axillary region so that a bulging of the che: 
is produced. A 13-gauge needle, armed with a one-way stopcock, is th: 
inserted in the axillary region at the highest point of bulging. If sma 
quantities of oil are to be injected, a 10-cc. or 50-cc. syringe is used. 
Otherwise, a 100-cc. syring is filled with oil, warmed to a point so that ij 
will be delivered inside of the pneumothorax cavity at body temper 
ture. Oil which is too cold or too hot is likely to provoke a reaction. 
Furthermore, warming of the oil facilitates injection by rendering the oil 
less viscid. After having connected the syringe with the stopcock, the 
valve is opened and 20 cc. of 1 per cent gomenolized paraffine oil is in- 
jected into the pleural cavity. The piston is then withdrawn, aspirating 
an equal volume of air into the syringe. This manoeuvre is repeated 
until the syringe has been emptied of oil and replaced with air. In this 
manner the desired quantity of oil is introduced to replace air which has 
been aspirated. The syringe is then disconnected from the stopcock, and 
the latter is connected by means of an adapter to the pneumothorax ap- 
paratus. The stopcock valve is next opened and air, sufficient to bring 
the intrapleural pressure up to neutral, is allowed to flow into the pneu- 
mothorax cavity. 

The injection of oil and the aspiration of air in units of 20 cc. is recom- 
mended in order not to disturb the intrapleural pressure greatly; other- , 
wise, a severe febrile reaction might result. Furthermore, if the oleo- 
thorax is nearing completion, the injection of 100 cc. of oil at one time 
may bring about marked pressure phenomena, even causing a perfora- 
tion into the lung if an area of softening exists in the pleura. It has al- 
ready been stated that the quantity of oil injected is usually doubled at 

-each sitting, but one should never exceed a dose of 400 cc. to 500 cc. in 
the adult male, or 300 cc. in women. 

After many sittings of this sort, or when the oleothorax has been nearly 
completed, a fluoroscopic or radiographic examination of the patient in the 
erect position will show a small bubble of air at the top of the pneumo- 
thorax cavity. At the next sitting this bubble is easily aspirated and re- 
placed with an equal quantity of oil. ‘The oleothorax is thus complete 
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Oil Replacement 


Since every type of oil is absorbable to some extent, and this depends 
‘gely upon the permeability or absorptive capacity of the pleura in the 
lividual case, as well as the type of oil used, oil replacements are neces- 
sry from time to time in order to maintain collapse. As already pointed 
cit, a mineral oil absorbs very slowly, but the vegetable oils may absorb 
vith remarkable rapidity. Rosenthal (16) reports one case in which 750 cc. 
vas resorbed in twenty-five days, and another in which 900 cc. was 
r-sorbed ina month. This, of course, is a distinct advantage when deal- 
ing with a mixed-infection empyema, inasmuch as one secures a penetrat- 
ing action of the gomenol, whereas, if gomenolized paraffine oil is used, 
the action is largely local. 

After a complete blockade of the pleural cavity has been established, 
the injection of 100 cc. of mineral oil at monthly intervals may suffice to 
maintain collapse during the first few months. Later on, the absorp- 
tive capacity of the pleura decreases, owing no doubt to a moderate 
thickening which gradually develops; thus, smaller quantities of oil have 
to be replaced. At the end of the first year, perhaps not more than 
10 to 40 cc. of oil at intervals of three or four months will be found 
necessary. 

After a complete blockade of the pleural cavity has been established, 
further injections should always be preceded by a test of the intrapleural 
pressure under which the oleothorax is maintained. This is easily ac- 
complished by opening the stopcock valve, after having inserted the 
needle. If the oil is under positive pressure, it will flow from the opening 
in the stopcock. This test of the intrapleural pressure is important be- 
cause, even though the oleothorax has been established under a neutral 
pressure, at the next sitting it may be found under slightly positive 
pressure, owing to a slight contraction of the thickened pleura or slight 
exudate-formation. If the intrapleural pressure is neutral, the oil will 
appear at the opening in the stopcock when the valve is opened but it will ' 
not exude. If the intrapleural pressure is increased, oil will flow from 
tle opening in the stopcock when the valve is opened. If a negative 
pressure exists (owing to a resorption of oil) the column of oil does not 
aj)pear at the opening in the stopcock, and unless the valve is closed 
immediately air will be aspirated into the pleural cavity. 

Before making an oil replacement, one must make sure that an exudate 
Coes not exist. With this in view, the patient is placed recumbent in the 
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dorsolateral position; a 13-gauge needle, armed with a one-way stopcoc! 
is inserted into the most dependent portion of the oleothorax cavit 
(This point is readily established by direct finger palpation, by which or 
can determine the absolute line of demarcation between the flatness of « 
oil-blockaded pleural cavity or the tympany of a pneumothorax cavi' 
and the surrounding air-free structures, even on the left side where o1 
has to contend with a stomach tympany.) The patient is then seat: 


Fics. 15, 16, 17 & 18 


The following case illustrates the value of a disinfection oleothorax in combating an empye 
and a compression oleothorax in reéstablishing collapse, after having got rid of the empye: 
An empyema is almost invariably followed by a chronic productive pleuritis which tends 
bring about an early expansion of the lung. 

V. G., 5218: This patient presented herself in February, 1927, with a productive typ« 
tuberculosis of the right lung, with an enormous excavation in the right upper. Sputum 
cc.; tubercle bacilli positive. 

Pneumothorax was started February, 1927. An intrapleural pneumolysis was done i 
April, 1927, following which a satisfactory collapse was obtained. At the end of five mont} 
the patient had gained 19 lb. in weight; there was no expectoration; temperature normal 
During the sixth month, patient developed a tuberculous empyema associated with a chronic 
productive pleuritis. As a result of contraction of thickened pleura, the lung began to 
reéxpand, the cavity reopened, the sputum became again positive, and the disease became 
again active and progressive. 

The empyema was got rid of by means of a disinfection oleothorax. A satisfactory collapse 
was reéstablished by means of a compression oleothorax. 

Fic. 15. V. G., 5218-8, November 2, 1927. Tuberculous empyema of two months’ 
duration treated by means of a disinfection oleothorax. No expectoration. Collapse 
satisfactory. 

Fic. 16. V. G., 5218-9, December 9, 1927. Same case five weeks later, showing beginning 
expansion of lung and reopening of excavated area. Sputum again positive. 

Fic. 17. V. G., 5218-10, February 29, 1928. The same case nearly two and one-half 
months later. Sputum 25 cc.; tubercle bacilli positive; temperature 99° to 101°. 

The disease is again active and progressive following reéxpansion of collapsed lung. Cavity 
now wide open. Empyema “cleared up.’ Partial oleothorax. 

Fic. 18. V. G., 5218-12, September 12, 1928. The same case seven months later. Empy- 
ema cleared up; sputum negative; temperature normal. Collapse reéstablished and main- 
tained by means of compression oleothorax. 


upright or inclined in such a manner that aspiration of the exudate, 1! 
present, is facilitated (figure 6). It should be remembered that an exu- 
date, being heavier than oil, always occupies the lowermost portion of th 
oleothorax. If an exudate is encountered, one should aspirate until pur 
clear oil is recovered. Further injections of oil should be withheld unt 
the tendency toward exudate-formation has ceased or its behavior ha 
been determined. 

If no exudate is present, the patient is returned to the recumbent pos 
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VG. 5218-8 11-2-27 


V.G. 5218-12 9-12-26 


VG, 5218-10 2-29-28 


Fics. 15-18 
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tion, and the syringe is disconnected, filled with oil and again connected 
with the stopcock, after which the valve is opened and the oil, which ha 
been warmed to a proper temperature, is injected into the pleural cavity 
by means of gentle pressure upon the piston. As long as the intrapleura 
pressure is negative or neutral, little, if any, force is required in order t: 
facilitate injection. As soon as one encounters resistance, the injectio: 
is stopped and the needle withdrawn. A light compress is placed ove 
the puncture site and held firmly in position by means of strips of adh« 
sive tape, which are tightly applied. 


COMPRESSION OLEOTHORAX 


Whereas an inhibition oleothorax (oleothorax antisymphysaire) 
established for the purpose of maintaining collapse, compression oleo 
thorax is used in two groups of cases for the purpose of 


Fics. 19, 20 & 21 


The following case illustrates the value of a disinfection oleothorax in clearing up an empyema, 
and the use of a compression oleothorax in reéstablishing collapse when reéxpansion of the 
collapsed lung is taking place as a result of the traction of the thickened lateral chest-wall 
adhesion, which could not be severed by means of an intrapleural pneumolysis. 

Z. H., 5399: The patient presented herself June, 1927, with an acute exacerbation of a 
productive type of tuberculosis of the right lung, with multiple excavations in the upper 
portion of the right lung. Temperature 101°; weight 88 lb.; sputum 55 cc.; tubercle bacilli 
positive. 

A pneumothorax was started in June, 1927. The temperature became normal in a week 
and the sputum negative intwo months. In August, 1927, the patient developed a pneumo- 
thorax pleuritis associated with exudate-formation which rapidly became purulent. The 
empyema was treated by means of aspiration, irrigation and disinfection oleothorax. The 
empyema disappeared completely in the course of a few months, after which a collapse was 
reéstablished by means of a compression oleothorax. 


Group A: Reéstablishing collapse in a lung which has partially ex- 
panded as a result of a progressive symphysis of the pleura, a chronic 
productive pleuritis, or traction of a thickened lateral chest-wall adhe- 
sion. (Figures 15, 16, 17 & 18; 19, 20 & 21.) 

- Group B: Collapsing rigid-wall cavities which cannot be closed by 
means of gas pressure, or cavities which are held in an expanded condition 
because of the presence of adhesions which cannot be severed by means oi 
an intrapleural pneumolysis. 


Technique 


The technique employed in a compression oleothorax is identical to 
that of an inhibition oleothorax, except that the pleural cavity should be 
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Z.H. 5390-4 4-14-28 Z.H. 5399-7 1-19-30 


lic. 19, Z. H., 5309-3; December, 1927. Pneumothorax empyema of four months’ 
dur:tion. Disinfection oleothorax. Note lateral chest-wall adhesion. 

lic. 20. Z. H., 5309-4, April, 1928. Disinfection oleothorax. Note thickening of 
adhesion above (indicated by arrow.) Arrow below indicates line of demarcation between oil 
and pus. 

lic. 21. Z. H., 5399-7, January 19, 1930. Empyema “cleared up.” Collapse reéstab- 
lished by means of compression oleothorax. Temperature normal; sputum negative; gain 
of 20 Ib. in weight. 
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prepared for the high oil pressures by means of preliminary high a'r 
pressures; otherwise, there is great danger of inducing a pleural reacti 
or bringing about a lung perforation. If, therefore, one contemplat.s 
the establishment of a compression oleothorax, the intrapleural pressue 
should be gradually elevated by air inflation before a complete oil blo: 
ade of the pneumothorax cavity has been effected, after which one c: | 
safely proceed with the injection of oil under pressure. Needless to sav, 
this procedure must be carried out with great caution. 

Many devices have been proposed for measuring the pressure unc er 
which the oil exists in the pleural cavity, but these devices for the mvs 
part are connected with the needle, and the pressure reading therefore dees 
not represent the true intrapleural pressure but only the pressur 
under which the oil is introduced, and this depends upon the size of ¢! 
cannula, the viscosity of the oil and the pressure applied to the syringe pis- 
ton. The only accurate method by which one can determine the intr: 
pleural pressure of the oil is by means of a double cannula, or the intr 
duction of a second cannula, either of which is connected with an oi 
manometer. The objection to this procedure is that the puncture in the 
pleura is larger, or that two punctures are necessary. In our work we 
have been guided solely by the resistance transmitted to the fingers in 
pressing the syringe piston. We feel that the sense of touch, to the ex- 
perienced hand, is far more accurate than any instrument yet devised. 

Cases falling into group B are frequently complicated by the presence of 
a labile mediastinum, which presents a characteristic bulging to air pres- 
sure. In these cases, the mediastinum is so lax that high air pressures 
tend only to aggravate the mediastinal bulging and exert no influence 
upon the rigid-wall cavity. In cases of this type it is advisable to at- 
tempt to stiffen the mediastinum by means of small injections of oil, after 
the manner later described. 

If the compression oleothorax is maintained under much pressure, it is 
important that the needles used in the injection should not exceed a 15 
gauge, which possesses an internal diameter of 0.054 inch, or 1.35 mm. 
Otherwise, oil is almost sure to escape from the pleural cavity into the 
surrounding structures, producing a paraffinoma. This complicati 
can be avoided by inserting the needle in an oblique direction, and, aite 
withdrawal of the needle, covering the puncture site with a small pledze 
of gauze, upon which one places one or two one-inch squares of rub}e 
sponge, about one-third inch thick, followed by a tight strapping of ‘! 
chest with adhesive tape. 


| 


Fic. 22. M. L., 7302-3. Referred for thoracoplasty after unsuccessful pneumothorax, 
nplicated by mediastinal hernia (indicated by arrow) of four years’ duration, rendering 
lical surgical intervention inadvisable. Enormous cavity, left upper. 

Fic. 23. M. L., 7302-4. Two and one-half months later, mediastinum fixed through use 
somenolized oil as described. Later on, a thoracoplasty which was uncomplicated effected 
‘omplete closure of the enormous cavity. ; 
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Technique for Stiffening a Labile Mediastinum 


Stiffening of the mediastinum is produced artificially by stimulatin; 
slight pleural reactions through the injection of small quantities of oi 
thus producing a localized thickening (figures 22 and 23). The techniqi 
is as follows: The patient is placed semiprone in the recumbent positio; 
The injection needle is then introduced in the 3rd or 4th interspace, ant: 
rior axillary line, in such a manner that it just penetrates the pneum 
thorax cavity. Five cubic centimetres of 1 per cent gomenolized ps 


Fics. 26 & 27 


The following case illustrates the value of an elective oleothorax in bilateral types of tuber- 
culosis in which a pneumothorax has been established on the worse side but cannot be main- 
tained on account of rapidly rising intrapleural pressures, and in which one also has to contend 
with the possibility of having later to utilize collapse procedures on the contralateral side. 

T. S., 5352-7 5352-8: Female, age 17 years. Examination in October, 1927, revealed a 
bilateral exudative type of tuberculosis, mostly right. Sputum 30cc., tubercle bacilli positive. 

After four months’ observation, during which time the lung exhibited a tendency to break 
down, it was decided to start pneumothorax on the right, which was the worse side. The 
pneumothorax was started February, 1928, a selective collapse being established over the 
upper portion of the right lung. In August, 1928, the patient developed a pneumothorax 
pleuritis which was followed by rapidly rising intrapleural pressures and a marked tendency 
to obliteration of the pneumothorax cavity. Up to this time, the patient’s condition had im- 
proved steadily; the sputum was negative and the left lung was clearing up; there had been a 
substantial gain in weight. 

It being apparent that we would be unable to maintain a satisfactory collapse of the right 
lung for the probable proper length of time, it was decided to convert the pneumothorax into 
an elective oleothorax. This was completed early in 1929 and has been maintained for nearly 
three years. 

In spite of the patient’s initial improvement in 1928, examination early in 1929 revealed 
a small infraclavicular excavation in the left lung. This was associated with a recurrence of 
expectoration, which was positive for tubercle bacilli. A pneumothorax was then started on 
the left side, which has been maintained without complications. The excavated area is no 
longer visible. The sputum, when present, has been persistently negative. 


affine oil is then slowly injected and permitted to flow down the anterior 
chest-wall into the bulging mediastinum. The patient should remain in 
this position for one hour in order to permit a localized action of the oil. 
Subsequent injections are carried out at intervals of a week or ten days, 
with gradually increasing doses. After the desired effect has been ac- 
complished, one can then proceed with an oil blockade of the pleural 
cavity under pressure. 


ELECTIVE OLEOTHORAX 


An oleothorax which lies only over the diseased lung portion is desis- 
nated as an elective oleothorax (figures 24 & 25; 26 &27). Anelective oleo- 
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V. J. 44-3 10-1-29 


5352-7 2-171 1.5. 5352-8 4-15-31 


Fic. 24. V. J., 144-3, October 1, 1929. Elective oleothorax in case of tuberculosis of the 
g cortex associated with an exudative pleuritis. The pneumothorax was converted into an 
othorax which has been maintained without complications for over four years. Patient is 
rking full time 

Fic. 25. E. H., 5304, February 13, 1928. Elective oleothorax in case in which a selective 
lapse could not be maintained because of an early obliterative pneumothorax. 

Fic. 26. T. S., 5352-7, February 17, 1931. Elective oleothorax right. Excavation left 


per. Sputum again positive. 


Fic. 27. T. S., 5352-8, April 15, 1931. Elective oleothorax, right, maintained uncom- 


) cated for three years. Pneumothorax, left; excavated area closed. 
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thorax is indicated in all cases in which a selective collapse has bex 
established but impossible to maintain because of the tendency of t! 
lung to expand, even under the increased gas pressure. It is also i: 
dicated in tuberculosis of the lung cortex associated with exudate-fc 
mation in which a pneumothorax has been established but cannot | 
maintained. 

In some cases, particularly bilateral disease, it will be found desirable 
effect a collapse of the diseased lung tissue only. In these cases t 
healthy lung tissue is permitted to expand and attach itself to the che: 
wall, after which an oil blockade of the pneumothorax cavity is effecte 
If the pleura over the healthy lung tissue possesses little tendency to b:- 
come adherent, adhesion of the two pleural sheaths can be effected by the 
injection of small doses of oil, sufficient to irritate the pleura, which wi!l 
be followed by adhesion-formation, after which an oil blockade is estab- 
lished, using 1 per cent gomenolized paraffine oil or pure paraffine oil. 
Bernou (17) prefers the latter. 


OLEOTHORAX AS A SUBSTITUTE FOR PNEUMOTHORAX WHEN FEBRILE 
REACTIONS FOLLOW AIR INFLATION 


Oleothorax therapy has been applied successfully in cases in which air 
inflations have been attended with severe febrile reactions. In these 
cases the treatment is employed only after having determined that the 
pleura will tolerate the oil without the production of a reaction. 


DISINFECTION OLEOTHORAX 


Mode of Action of Oleothorax in Empyema: The fundamental principle 
of a disinfection oleothorax is that, after a complete removal of the pus 
and a thorough irrigation of the pleural cavity, the oil injection should be 
massive, and sufficient to bathe the entire surface of the serosa. Accord- 
ing to Bernou (18) the beneficial influence of a disinfection oleothorax is 
not to be attributed entirely to its antiseptic properties but perhaps even 
more to its proteolytic activities. Sergent and Turpin (19) attribute the 

‘beneficial influence of gomenol to its ability to irritate the pleura rather 
than to its disinfectant or bactericidal powers. In many cases, the oi! 
because it is a foreign body, acts as an irritant, which stimulates a. 
inflammatory reaction, characterized first by congestion of the pleura an 
followed by an abundant migration of polynuclear leucocytes. The d 
struction of the polynuclear leucocytes releases proteolytic ferments, whic 
liquefy the products of caseation, thus permitting a cleansing of th 


pleural wall. 
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‘he proteolytic action is not the only action of a disinfection oleothorax. 
Tre is also a lipolytic ferment action. The presence of lipases is re- 
ve led by the saponification of oil removed from the pleural cavity. Oil 
wl ch has undergone saponification presents a characteristic opaque 
ap vearance. 

n one of his cases Bernou evacuated 750 cc. of pus and injected 750 cc. 
of zomenolized oil. Twenty-five days later the pleural cavity was emp- 
tic and only 180 cc. of an emulsion was found. An ethereal solution of 
th s emulsion was made, which, after distillation, revealed a few drops of 
oi of gomenol and 120 gr. of fatty-acid crystals. In all probability the 
acids came from the disintegration of the oleic-acid molecule. In another 
case the lipases were revealed by the investigation of the variations of the 
acidity of the intrapleural oil. 

\ccording to Bernou one must assume a direct action of the lipases 
upon the waxy capsule of the tubercle bacillus, similar to that obtained 
in vitro. ‘The absorption of these lipases with the oil by the lymphatics 
permits a deeply penetrating action. It is possible that these lipases, 
having been absorbed, are able to elevate the percentage of the lipase in 
the blood, which is ordinarily diminished in the tuberculous individual. 
This increase of the lipolytic power of the blood might permit a disinte- 
gration of the waxy capsule of the tubercle bacillus, bringing about a lib- 
eration of the intracellular antigen, which, in turn, stimulates an active 
immunity against infection. Bernou claims that in many cases he has 
observed that the resorption of the oil was accompanied by strong lipoly- 
tic reaction. 

The experiments of Binet and Verne prove that the injection of lymph- 
atics by the oil and fatty acids creates, without doubt, an unfavorable 
soil for the development and propagation of tubercle bacilli. It is pos- 
sible too that this momentary occlusion also limits the resorption of toxins 
and might partially explain the rapid amelioration of symptoms and 
rapid improvement of the general health which sometimes follows the 
institution of an oleothorax. These results are not always evident 
because the resorption of oil in a thickened pleura is rapidly diminished or 
practically nil. , 

Another favorable effect of the lipases is the liberation of the gomenol 
wich results from the saponification of the oil and the disintegration of 
the acid molecule. This rapid liberation of gomenol probably allows a 
missive antiseptic action, which is more efficient on the pleura, causing 
also a more intense local irritation and bringing with it a greater proteo- 
ly action. 
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Failure of a disinfection oleothorax is to be attributed to the natur: 
the lesion or faulty technique. The natural evolution of the disease | 
the pleura is often such that the oil is unable to inhibit the progress of i}; 
lesion, which may be in the lung cortex. In other cases the infec 
pleura is so thick that the oil is not permitted to exert its influence upo 
the deeper-lying infected structures. Failure, as a result of faulty tec! 
nique, is usually due to the fact that sufficient quantities of oil were 
used in order to maintain an antiseptic bath of the entire serosa. 


Fics. 28, 29 & 30 


The following case illustrates the almost miraculous results obtained in a case of mixed-in- 
fection empyema treated by means of a disinfection oleothorax. 

J. S., 5072: The patient presented herself in July, 1926, with a productive type of tu er- 
culosis of both lungs, mostly left. Sputum 30 cc.; tubercle bacilli positive; temperature 11° 
Pneumothorax was started in July, 1926. A satisfactory collapse was obtained 

sputum became negative; the temperature normal. Following inflation in October, 1 
she made a long journey of 300 miles. Twenty-four hours later she came down with ch 
and fever. At the end of forty-eight hours, her temperature was 103°, at which point i 
persisted, with morning remissions, for ten days. On October 18, 1927, she again presen 
herself. At this time, 100 cc. of a thick mucopurulent exudate was aspirated from the lef 
pleural cavity. The pleural cavity was irrigated with saline solution, and 120 cc. of 5 | 
cent gomenol was instilled into the empyema cavity. During the next eight days her tem- 
perature did not go above 100°. On October 27 she was again aspirated, when 150 cc. 
thick, apparently mucopurulent exudate, was removed and the pleural cavity irrigated with 
saline solution. Two hundred centimetres of 5 per cent gomenol were then injected into the 
pleural cavity. Following this treatment, both the fever and exudate completely disap- 
peared. An inhibition oleothorax was then established in order to prevent expansion of 
the lung. The oleothorax was maintained for over two years. 


CLASSIFICATION OF PNEUMOTHORAX EMPYEMATA 


The pneumothorax empyemata are classified, for therapeutic purposes, 
into the nontoxic, or tolerable, and the so called toxic, or virulent types. 
This classification serves from every standpoint much better than one 
based upon the bacterial flora of the empyema contents for the following 
reasons: In many cases, the causative organism cannot always be demon- 
strated; furthermore, the same organism provokes entirely different reac- 
tions under apparently similar conditions even in the same individual. 
And, lastly, the same anatomical changes can be produced by a wide 
variety of damaging agents, both bacterial and chemical. 

The nontoxic, or tolerable, empyemata comprise those cases of pneum 
thorax empyema which pursue a torpid course, and are afebrile or su) 
febrile, intermittently or permanently. These empyemata may 
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Fic. 28. J. S., 5072-4, October 14, 1927. Mixed infection empyema following inflation. 

Fic. 29. J. S., 5072-6, August 27, 1929. An inhibition oleothorax has been maintained 
r more than two years. Sputum negative, temperature normal. 

Fic. 30. J. S., 5072. Temperature record. The empyema rapidly disappeared under the 
‘fluence of aspiration, irrigation and disinfection oleothorax. 
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attended, in their beginning, with a very high fever, which might eve: 
lead one to suspect their virulent character. However, the fever usuall; 
falls after a few aspirations, the inflammatory process subsides and 
aside from the reformation of a purulent exudate, the patient suffers n 
inconvenience and exhibits no subjective phenomena. 

In the nontoxic empyemata, a disinfection oleothorax is frequent 
attended by almost miraculous results, the empyema disappearing con 
pletely within the space of a few weeks. In other cases the reformatio 
of the exudate persists, and it is therefore necessary to maintain an ant 
septic-oil bath over a prolonged period of time. 

The toxic, or virulent, pneumothorax empyemata are usually ass 
ciated with a mixed infection. Their prognosis is unfavorable even fron 
the very beginning. These cases are characterized by high fever of t! 
hectic type, which may attain a daily maximum of 103° or 104° (figur 
28, 29, 30). The patient is profoundly ill and toxic. There is complet 
anorexia, as a result of which the patient’s strength is quickly exhausted. 
These patients, for the most part, are candidates for active surgical inter 
vention, which usually begins with a pleurotomy and tube-drainage. 
If the patient survives, he is then a subject for a major surgical col- 


lapse. The disinfection oleothorax is a perfectly justifiable procedure 
in these cases; it cannot possibly do the patient harm and may spare 
him the necessity for surgical interference. As Kiiss (11) points out, 
success can scarcely be expected unless the treatment is employed prop- 
erly at the right time and not as a measure of last resort. 


Technique for Disinfection Oleothorax 


The technique employed in a disinfection oleothorax depends upon the 
type of case at hand. The nontoxic, avirulent varieties usually require 
only aspiration of the purulent exudate, which is replaced with an equal 
volume of 5 per cent gomenolized paraffine oil. In the virulent forms it is 
extremely important to drain the pleural cavity completely of its purulent 
exudate, and irrigate thoroughly with normal saline solution until the 
return flow is clear, after which the exudate is replaced with an equal vo! 
ume of 10 per cent gomenolized paraffine, olive or Wesson oil. 

Since irrigation is not required in the nonvirulent types of empyema, : 
13-gauge needle, equipped with a one-way stopcock, is inserted into th 
lowermost portion of the pyothorax cavity, in the manner already dé 
scribed. ‘The patient is next seated upright and inclined in the prope 
position to facilitate aspiration (figure 6). A 100-cc. syringe is next con 
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nected with the stopcock, and 100 cc. of exudate is withdrawn. The 
stopcock valve is closed, and the syringe disconnected and emptied of its 
contents. One hundred cubic centimetres of air is drawn into the syringe 
and injected into the pleural cavity, replacing the exudate. This process 
of aspiration and air replacement is continued until one recovers pure, 
clear oil. The patient is next placed recumbent in the dorsolateral posi- 
tion, and a quantity of oil equivalent to the amount of exudate removed 
is injected, replacing an equal quantity of air which is withdrawn. 
In this manner one avoids altering the intrapleural pressure too greatly 
(figure 5). 

The oil injection and air replacement can be carried out in units of 100 
cc. in pyothorax cases, because more or less thickening of the pleura al- 
ways exists and the patient is not so sensitive to changes in the intra- 
pleural pressure as is encountered in the early phases of an inhibition or 
compression oleothorax. 

After the injection of oil has been completed, a few drops of tincture of 
iodine should be allowed to flow through the needle track while the needle 
is being withdrawn, in order to prevent a needle-track infection. 

The technique employed in the treatment of the virulent, toxic types of 
empyema varies little from that already described, except that, after 
aspiration of the purulent exudate, the pleural cavity must be thoroughly 
irrigated with saline solution until the return flow is absolutely clear. 
As much as 1,000 to 10,000 cc. of saline solution may be necessary. With 
that end in view, a 13-gauge needle is joined by means of a glass adapter 
and rubber tubing to a four-way stopcock, which is connected with a 100- 
cc. syringe. 

The needle is inserted as already described, after which the patient 
assumes the sitting position, or is inclined in a manner to facilitate proper 
aspiration (figure 7). One hundred cubic centimetres of exudate are 
then aspirated and replaced with 100 cc. of air. This manoeuvre is con- 
tinued until the pleural cavity has been drained entirely of its contents, 
both pus and oil. Irrigation is then accomplished as follows: 100 cc. of 
saline solution is aspirated into the syringe, injected into the pleural cav- 
ity, withdrawn, and injected into the discard utensil. This procedure is 
continued until the return flow is clear. This method of irrigation, while 
effectively removing pus, nevertheless is not sufficient to wash the entire 
wall of the pleura. If a large amount of exudate has been present, it is 
therefore advisable to place the patient recumbent in the dorsolateral 
position, resting on the contralateral side, after which several hundred 
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cubic centimetres of warm saline solution are injected into the pleural 
cavity, replacing an equal volume of air which is withdrawn. The 
patient is then seated upright while the irrigation solution is withdrawn 
and replaced with air. This method of irrigation is also continued until 
the return flow is clear. 

In still other cases, it will be found that enormous quantities of saline 
solution are necessary in order to effect a complete removal of the pus. 
We then frequently insert a second needle high in the axillary region, 
connecting it by means of rubber tubing with a glass irrigation container 
holding warm saline solution. A thorough irrigation of the pleural cav- 
ity is then accomplished by permitting the saline solution to flow into 
the empyema cavity through the upper needle and out through the 
lower one. If the discharge from the lower needle is not free, drainage 
can be facilitated by connecting it with a syringe and aspirating. The 
irrigation must be continued in this manner until the return flow is clear, 
and as high as 10,000 cc. of irrigation solution may be required. 

After the pleural cavity has been thoroughly irrigated, the patient is 
again placed recumbent in the dorsolateral position, after which the dis- 
infecting oil, in a volume equal to the amount of exudate removed, is in- 
jected into the pleural cavity, replacing an equal amount of air. A few 
drops of iodine are allowed to flow into the needle track while the needle 
is being withdrawn. This method of aspiration, irrigation and oil re- 
placement is usually followed by an immediate fall of the fever, but it 
should be repeated as soon as the temperature again rises, and continued 
until the fever entirely disappears. These treatments may have to be 
applied every two or three days in the beginning, but, after the tempera- 
ture subsides, the intervals are lengthened to a week or more. Once the 
temperature reaches normal and remains there, irrigation is no longer 
necessary. The case is then treated according to the method described 
for the nontoxic types of empyema. In one of our cases, we were obliged 
to aspirate and irrigate in the above-described manner fifty-three times 
during the course of eight months, but the end-result was satisfactory, 
inasmuch as we succeeded in ridding our patient of a virulent empyema 
associated with intermittent pleuropulmonary fistula. 


PLEUROPULMONARY PERFORATION 


This complication arises in the course of pulmonary tuberculosis most 
frequently as a result of (1) rupture of an empyema into the lung, or 
(2) rupture of a superficial cavity or subpleural necrotic area into the 


pleural cavity. 
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If a purulent exudate forms rapidly or persists in the pleural cavity for a 
long time, the lymph-passages undergo an obliterative change which pre- 
vents resorption of the exudate. Such exudates therefore usually exist un- 
der higher pressure, and, unless evacuated, tend to rupture into the lung. 
If the perforation is not very large, it may heal completely or persist inter- 
mittently, but, if the opening is large, healing rarely occurs without rad- 
ical surgical intervention. 

As a complication of pneumothorax therapy, pleuropulmonary per- 
foration occurs most frequently in the exudative types of tuberculosis, 
in which a caseous tuberculosis of the overlying pleura exists. The per- 
foration is due to necrosis of the tissues, which establishes communication 
between an excavated area in the lung tissue or a bronchus and the pleural 
cavity. Anyone having had extensive experience with pneumothorax 
therapy is only too familiar with the usually violent symptom-complex 
associated with this complication. In many instances the patient has 
been doing extremely well: there has been a steady decline of the elevated 
temperature, the general condition has been improving, there has been a 
gain of weight and the patient looks and feels much better, when suddenly 
the patient is seized with a severe pain on the pneumothorax side, fol- 
lowed shortly by a rapid rise of temperature, shortness of breath, etc. 
Thus, in the space of a few hours, the entire clinical picture has been 
changed from one having a favorable outlook into one in -which the 
patient’s life is threatened. If the perforation is of the valve type, the 
dyspnoea may be so great that the patient, unless relieved, succumbs 
within a few hours. On the other hand, pleuropulmonary perforation is 
not always associated with such a violent symptom-complex. As a 
matter of fact, a perforation can exist unrecognized, or be discovered 
accidentally. If one has been working with high-inflation pressures, a 
sudden fall of the manometric pressure to neutral, uninfluenced by a fur- 
ther introduction of air, may furnish the clue. If one is using nitrogen 
gas as an inflation material, the occurrence of a metallic taste in the ‘ * 
mouth proves the presence of a “leak.” In other cases a perforation is 
manifested only by a tendency of the lung to remain collapsed over a 
markedly prolonged interval without further inflation. 

In the course of a thoracoscopic examination of a pneumothorax cavity, 
we have frequently observed the visceral pleura covered with caseous 
tubercles. In some of these cases, a perforation occurred weeks or 
months later. 

The most bitter opponents to oleothorax therapy base their opposition 
chiefly upon their belief that pleuropulmonary perforation is more com- 
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mon in patients undergoing oleothorax therapy than in those who have 
not received it, and by them it is held responsible for this serious com- 
plication. This is probably an erroneous belief. Asa matter of fact, this 
complication is only apparently more common in cases undergoing oleo- 
thorax therapy because more cases are recognized by reason of the patient 
either smelling, tasting or expectorating the oil. This opinion is also held 
by Burnand (20) and Marie (21). We have confirmed this view by prov- 
ing the presence of a perforation in many cases not under oleothorax 
therapy in which the “leak” was demonstrated only by special tests as 
follows: 


1: Nitrogen gas injected into the pneumothorax cavity produces a metallic 
taste in the mouth. 

2: A few drops of an aromatic oil (sandalwood oil) instilled into the pneu- 
mothorax cavity emits a peculiar aromatic odor or taste, recognizable by the 


patient. 
3: A few cubic centimetres of 1 per cent methylene blue in saline solution in- 


jected into the pneumothorax cavity is expectorated shortly afterward if the 
patient is placed in a position facilitating drainage. 


In the above-described types of cases, a purulent exudate, when pres- 
ent, was not expectorated because it was too thick or viscid to flow 
through the narrow fistulous tract, whereas nitrogen gas, scented air and 
watery solutions passed readily. Ifa leak of even moderate proportions 
occupies the upper portion of the lung, the patient does not expectorate 
secretions from the empyema cavity until the fluid reaches the level of the 
opening and this may not occur when he occupies a semirecumbent posi- 
tion in bed and is aspirated frequently. In one of our cases the patient 
never expectorated drainage from the empyema cavity except when she 
stooped forward as in the act of picking up something. 

In still other cases an unsuspected perforation was revealed during the 
course of irrigation of the empyema cavity with saline solution, when the 
patient was placed recumbent on the contralateral side, following which 
the patient was seized with a coughing paroxysm and detected a salty 
taste in the mouth or actually expectorated the solution unless his posi- 
tion was changed. 

Pleuropulmonary perforations are classed into three different groups: 
(1) the valve type; (2) small perforations, which may be transitory and 
heal out completely, or are intermittently open; and (3) large perforations. 
Oleothorax has been used with success in the first two types, but it is 
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absolutely contraindicated in those cases in which the opening is large, 
for reasons already stated under indications for oleothorax therapy. 

In the valve types, or those with small perforations, oleothorax serves 
three purposes: (1) the pressure of the oil is uniform and is able to effect a 
closure of the valve-like opening, whereas air would only escape; (2) the 
viscosity of the oil being much greater than air, the oil will block a small 
perforation through which air would leak; and (3) the oil serves as a 
disinfectant, inhibiting the formation of, or relieving, a complicating 
pyothorax. 


TUBERCULOSIS OF THE LUNG CORTEX ASSOCIATED WITH AN EXUDATIVE 
PLEURITIS 


These patients usually present the symptom-complex of an ordinary 
exudative tuberculous pleurisy. The tuberculous pleuritis is due to in- 
vasion of the pleura from the underlying lung cortex. As a rule, the 
condition usually involves the lower portion of the lung. In the begin- 
ning the patient is actively febrile and complains of an acute pain in the 
side of the chest, which subsides following the exudate-formation. A 
careful clinical history will elicit a typical symptom-complex of tuber- 
culosis: that is, gradual loss of weight, anorexia, fatigue, occasional 
night-sweats, possibly a slight afternoon elevation of temperature and a 
dry cough. To those unfamiliar with the advantages of collapse ther- 
apy, these patients are untreated, aside from bed-rest and useless medica- 
tion, the exudate being allowed to absorb, or the treatment consisting 
only of aspiration. Shortly following either procedure, the lung expands, 
attaching itself to the chest-wall. Sooner or later, a large number 
come down with a manifest tuberculous process in thelung. This type of 
tuberculosis demands collapse therapy; the exudate should be aspirated 
and replaced with air. The pneumothorax thus created should be main- 
tained as long as possible. According to our experience, it is rarely possi- 
ble to maintain a pneumothorax in cases of this type for periods longer 
than six months, which is entirely inadequate to effect acure. The lung 
usually expands and in spite of air inflations, even at high pressures, 
there follows a progression of the disease in the lung parenchyma. We 
have obtained excellent results, during recent years, by converting the 
pneumothorax into an oleothorax as soon as a rising intrapleural pressure 
indicates a threatened early obliterative pneumothorax. The oleothorax 
so established is usually of the “elective” type and is maintained for the 
proper course of time (figure 24). 
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COMBINATION OF OLEOTHORAX AND PHRENIC NEURECTOMY 


In the group of cases described, as well as in nearly all cases in which an 
early obliterative pneumothorax is developing as a result of a chronic 
productive pleuritis or progressive symphysis of the pleura, a reéxpansion 
of the lung usually begins at the base. At times these changes occur with 
remarkable rapidity or they are so progressive in character that, in spite 
of high air pressures, one is unable to reéstablish or maintain a satisfac- 
tory collapse. Under these circumstances a phrenic neurectomy: is 
indicated in order to reéstablish collapse at the base, after which an oil 
blockade of the pleural cavity or an “elective oleothorax”’ is established 
in order to maintain a proper degree of collapse of the lung. 

A phrenic neurectomy, if decided upon, should be done before fixation 
of the diaphragm has taken place, and one need have no fear of the weight 
of the oil pressing the paralyzed diaphragm downward, since the abdom- 
inal pressing is more than sufficient to overcome this resistance, unless 
the oil blockade is maintained under high pressure. 


Fic. 31. H. J., 6208-1, August 3, 1928. Radiograph illustrating case in which an intra- 
pleural pneumolysis was impossible. Pneumothorax complicated by pyothorax. 

Fic. 32. H. J., 6208-2, November 19, 1929. The same case after upper-phase thoraco- 
plasty effecting a perfect collapse of the right upper. The empyema was cleared up by 
means of a disinfection oleothorax. Collapse maintained through inhibition oleothorax. 
In this case 1680 cc. of air were replaced with 1 per cent gomenol in two months and has re- 
mained undisturbed for two years, during which time the patient has resumed college studies. 

Fic. 33. A. B., 6557. Illustrating line of demarcation between oil and pus. 


COMBINATION OF PARTIAL THORACOPLASTY AND OLEOTHORAX 


The necessity for combining these procedures arises in cases in which a 
pyothorax complicates an unsatisfactory collapse, due to the presence of 
dense apical adhesions which cannot be separated by means of an intra- 
pleural pneumolysis. In these cases we have obtained excellent results 
by doing an upper-phase thoracoplasty, thus establishing a good collapse 
above. In the meantime we have succeeded in getting rid of the empy- 
ema by means of a disinfection oleothorax, after which an oil blockade of 
the pleural cavity was established in order to maintain a satisfactory 
collapse. In this manner we have spared more than one patient the 
necessity for a complete thoracoplasty (figures 31, 32). 

CASEOUS TUBERCULOUS PLEURITIS COMPLICATING AN ARTIFICIAL 
PNEUMOTHORAX 


The most serious complications attending pneumothorax therapy arise 
primarily through a caseous tuberculous pleuritis of the visceral pleura, due 
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to the extension of a progressive lesion in the underlying lung structur 
This condition is seen most frequently in the exudative types of tuberc: 
losis and may exist for weeks or months unrecognized, unless brought 
light through the development of a lung perforation, or a pneumothor: 
empyema, or discovered in the course of a thoracoscopic examination 
the pneumothorax cavity. Since pleuropulmonary perforation and pne 
mothorax empyema so frequently follow this condition, it is our custo 
to establish a partial disinfection oleothorax the moment it is found in t! » 
course of a thoracoscopic examination, in order to prevent the advent : { 
the above-mentioned complications. 

While, according to our experience, untreated cases almost invariab ~ 
develop a pneumothorax empyema, our records show that following 
the plan of injecting small quantities of oil, in order to bathe tie 
affected parts with an antiseptic bath, only 333 per cent of the cases 
developed an empyema. In 663 per cent of our cases an exudate was 
already present when the caseous tuberculous pleuritis was discovered. 
Nevertheless, the object of the treatment was accomplished in 50 per cen 


of the cases. 


LATE COMPLICATIONS 


In addition to those reactions and complications occurring early in the 
course of oleothorax therapy, there are also late complications occurring 
at a time when the object of the oleothorax is being temporarily accom- 
plished. We have used the term “‘late complications” to designate those 
changes which occur after the lapse of months or even one to two or more 
years, during which time the oleothorax has served its purpose. 

In the case of an inhibition oleothorax, the collapse has been satisfac- 
torily maintained, while in the case of a compression oleothorax it has 
been reéstablished, and, in that of a disinfection oleothorax, the empyema 
has been got rid of and a collapse has been maintained by means of an 
oil blockade of the pleural cavity. 

Late complications are classified as follows: “‘intrapleural’’ and “‘extra- 
pleural.”’ The intrapleural complication consists of an exudate-formation 
which may be serous, seropurulent or purulent. The exudate-formation, 
particularly in the serous types, is not always associated with constitu- 
tional symptoms. On the other hand, the formation of a purulent exi- 
date is usually preceded by a gradually rising temperature during the 
course of the preceding two or three weeks. Many of these patien's 
complain of a ‘‘cold” from which they have not recovered. Howeve’, 
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a careful analysis of the symptoms will reveal that the patient did not 
become ill with any of the characteristic symptoms of an ordinary grippe, 
such as rhinitis, cough, expectoration, etc., and still more careful interro- 
gation will elicit the fact that the patient only “felt like he had a cold.” 
A study of the temperature record will show that there has been a gradual 
rise in temperature during the course of several weeks, to finally a maxi- 
mum of 100° or 101° daily. Even then the unsuspecting patient will still 
claim that his condition is due to a “cold” from which he has not recov- 
ered. In these cases it is important to first radiograph the chest. A 
good film may show two fluid levels, and, when such a finding is present, 
one can feel assured that the lower, denser shadow is due to a purulent 
exudate, whereas the upper shadow is caused by the oil (figure 33). 
The patient is next placed recumbent in the dorsolateral position. An 
exploratory needle, connected with a syringe, is introduced at the most 
dependent portion of the oleothorax cavity. The patient is then seated 
upright and a specimen of the contents of the pleural cavity aspirated 
into the syringe. As a rule, one’s efforts are rewarded by the recovery 
of a small quantity of purulent exudate, perhaps less than 50 cc. but 
sufficient to confirm the diagnosis. Even though no exudate has been 
recovered, the presence of an unaccountable, gradually rising temperature 
calls for a reduction of the intrapleural pressure by aspirating some oil. 

Complications of this type, occurring late in the course of oleothorax 
therapy, are treated according to indications. In some cases the simple 
aspiration of the purulent exudate, until one recovers pure oil, 
suffices to bring about relief. This process of aspiration of purulent 
exudate until clear oil is recovered may have to be repeated several 
times, but one is not justified in abandoning the oleothorax immedi- 
ately unless the condition fails to respond to a few aspirations. In 
one of our cases, after a complete oil blockade of the pleural cav- 
ity had been established and maintained for a few months, we were 
forced, during the course of fourteen months, to abandon the oleo- 
thorax on four different occasions because of the development of a 
purulent exudate associated with a high fever. On the fifth attempt we 
were able to reéstablish a satisfactory oleothorax, which has now been 
maintained for more than two years. We have in mind many other 
cases in which we were successful in permanently establishing an oleo- 
thorax only after several attempts. 

In any case, once an exudate has been discovered, the intrapleural 
pressure should be reduced by withdrawing some of the oil, for the reason 
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that, if the pleural cavity is completely blockaded with oil, the reformation 
of an exudate may so raise the intrapleural pressure that a lung perfora- 
tion follows. 

While the formation of a purulent exudate is usually attended by the 
symptoms referred to by the patient as a “cold,” this is not always the 
case. Constitutional symptoms may even be absent, or manifested only 
by the presence of an unaccountable fever. In one of our cases, the 
patient complained only of a so called gastrointestinal “upset” because of 
persistent nausea, vomiting and anorexia, associated with chills and fever. 
Respiratory symptoms were absent; nevertheless, an exploratory punc- 
ture revealed pus, and the symptoms disappeared rapidly following its 


evacuation. 
The late extrapleural complications are of a visceral and parietal 


character. 

Visceral Character: Pleuropulmonary perforation is the only late com- 
plication of a visceral character to be contended with, and is serious. 
The perforation is usually preceded by a period of a few days, during 
which time the patient raises considerable quantities of a peculiar watery 
or mucous secretion. Unless the intrapleural pressure is immediately 
reduced, there soon follows the smelling of oil, then the tasting of oil, 
and finally the expectoration of oil. In other cases the perforation occurs 
suddenly without the patient previously complaining of any untoward 
symptoms. 

While large perforations are permanent and require a thoracoplasty, if 

recovery is to take place, small perforations frequently heal or assume an 
intermittent character. Ifthe perforation is small, the oleothorax should 
be partially abandoned, at least half of the oil being replaced with air. 
But, if in spite of this treatment a leak persists, the oleothorax should be 
abandoned temporarily. Later on, the presence of the perforation can 
be determined by testing the permeability of the pleural cavity by means 
of the nitrogen gas, sandalwood oil, or a few cubic centimetres of a 1 per 
cent solution of methylene blue, in the manner already described. 
’ According to our experience, small perforations often heal completely. 
As soon as one is assured that healing has taken place, the oleothorax can 
be reéstablished. While most patients experiencing a perforation of any 
proportion are relieved only by a thoracoplastic collapse, this is not 
always the case. 

In three of our cases the patient expectorated voluminous quantities 
of oil and exudate from the pleural cavity, necessitating immediate aban- 
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donment of the oleothroax, and, while we at first felt that nothing except 

a thoracoplastic collapse could bring about recovery, we nevertheless at- 
tempted to effect healing of the perforation by keeping the pleural cavity 
well drained of its contents and maintaining a neutral pressure by means 
of frequently repeated aspirations. In all three cases a complete and 
permanent healing took place, and the lung in all three cases is now fully 
expanded and attached to the chest wall. 

Parietal Complications: These consist of pleurocutaneous fistulae, 
threatened empyema necessitatis, and paraffinoma. Pleurocutaneous fis- 
tulae occur as the result of needle-track infections following the aspiration 
of a purulent exudate. In the virulent mixed-infection empyemata, 
the infection of the needle track may occur within twenty-four hours. 
In the ordinary pyothorax cases, it may not manifest itself for weeks 
or months, when, suddenly, many previously clean puncture sites 
break down and exude pus. This complication can best be avoided by 
injection of the needle track with iodine as one withdraws the aspirating 
needle. In cases in which pleurocutaneous fistulae exist, the pyothorax 
cavity should be punctured for aspiration purposes at its most dependent 
portion in the axillary region, and an effort should be made to expand the 
lung posteriorly, for the reason that if the patient is destined to receive a 
thoracoplastic collapse, or an ‘‘undecking operation,” the fistulous open- 
ings will occupy a site favorable for the undecking operation and away 
from the field of operation, if a rib resection is resorted to. 

Empyema necessitatis, or threatened empyema necessitatis, occurs as the 
result of the confluence of many infected puncture sites in the pleura. 
As a result of the destruction of larger or smaller areas of the pleura, the 
purulent exudate invades the subcutaneous tissues and appears as a bulg- 
ing mass beneath the skin. Rupture through the skin frequently occurs 
through the small openings representing former puncture sites. This 
bulging mass which appears in the side may be painless or attended with 
considerable inflammatory reaction. If the opening into the pleural cav- 
ity is large, the bulging mass subsides when the patient assumes the re- 
cumbent position, lying on the contralateral side. If the patient is asked 
to cough, the area will be observed to bulge as a result of the temporarily 
increased intrapleural pressure. 

Paraffinomata occur in cases in which the oleothorax has been main- 
tained under pressure. In such cases, the oil leaks from the pleural 
cavity through the needle-puncture hole into the subcutaneous tissues 
and appears as a large indurated mass which is usually painless. Paraf- 
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finomata can be avoided by the use of smaller-gauged needles which 
should be directed through the pleura at an oblique angle. A leakage of 
oil into the subcutaneous tissues can also be combated by covering the 
puncture site, first, with a small pledget of sterile gauze, which is then 
covered with one or two pieces of rubber sponge (about one inch square 
and one-third inch thick). This dressing is held firmly in position by 
strips of adhesive tape which are applied tightly to the chest. 

Following is a brief summary of the character of late complications 
occurring in 100 cases subjected to oleothorax treatment during the past 
five years: In the first group of 50 cases the oleothorax had been estab- 
lished for the purpose of maintaining collapse or for compression. Late 
complications occurred in 10 cases (20 per cent); intrapleural complica- 
tions developed in 8 cases (16 per cent) ; extrapleural complications devel- 
oped in 6 cases (12 per cent). Consequently, in nearly all cases the com- 
plications were both intrapleural and extrapleural. In 3 cases (6 per 
cent), despite the fact that the oleothorax was established for the purpose 
of maintaining collapse, it only hastened the occurrence of an early ob- 
literative pneumothorax through the production of a chronic productive 
pleuritis. A seropurulent exudate developed in one case (2 per cent) 
and a purulent exudate developed in 4 cases (8 per cent). The purulent 
exudate cleared up in one case; in the three remaining cases the oleothorax 
was permanently abandoned and resort had to other methods of 
treatment. 

Late extrapleural complications developed in 6 cases (12 per cent). 
The only visceral complication was pleuropulmonary fistula which de- 
veloped in 3 cases (6 per cent). In two cases it was temporary and in one 
case it was intermittent. In no case was it permanent. 

Of the parietal complications, paraffinomata were the most common, 
occurring in 6 cases (12 per cent). In all of these cases the oil was under 
compression, and this complication probably could have been avoided 
had we observed the precautions we now follow. 

Pleurocutaneous fistula, the result of a pleurotomy, occurred in 2 
cases (4 per cent). 

In the second group of 50 cases, the oleothorax was carried out primar- 
ily for disinfection purposes. In some cases the oleothorax was discon- 
tinued as soon as we were rid of the empyema, but in those cases exhibit- 
ing a tendency to early lung expansion an effort was made to maintain 
collapse by means of an oil blockade. 

Late complications occurred in 13 cases (26 per cent), In all of these 
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cases a disinfection of the empyema cavity had been accomplished and in 
most cases an oil blockade was being maintained. In several cases this 
was being done under pressure when we had to deal with a rigid-wall 
cavity, in most instances complicated by the presence of adhesions which 
could not be severed by means of an intrapleural pneumolysis. In one 
case the empyema was got rid of, but at the same time the lung expanded 
and attached itself to the chest-wall so that a re-collapse was impossible. 
In 6 cases the purulent exudate disappeared, but it recurred and was the 
cause of failure of the oleothorax in 4 cases. 

Pleuropulmonary fistula developed in 5 cases (10 per cent). It was 
temporary in 3 cases, intermittent in one and permanent in 2 cases. 
Pleurocutaneous fistulae, the result of infected needle tracks, occurred 
in 5 cases. Threatened empyema necessitatis developed in 6 cases, all of 
which received a pleurotomy and tube drainage. In all of these cases a 
thoracoplastic collapse was or will be necessary if recovery is to take 
place. 

The experiments of Baumetz and Main and others have shown that 
gomenol is nontoxic for animals, and it is regarded by the French enthu- 
siasts as nontoxic for man. However, in the course of our oleothorax ex- 
perience we have observed three cases of acute toxic nephritis develop 
under such circumstances that we cannot hold the gomenolized oil blame- 
less. The cases will be discussed at length in another paper. 


END-RESULTS 


The results here recorded have to do with a series of 100 cases subjected 
to oleothorax treatment during a period of five years, in which the period 
of observation was long enough to justify reliable conclusions. 

All cases subjected to treatment since January, 1930, as well as all 
cases in which the period of treatment was incomplete or interrupted be- 
cause of extraneous circumstances, have been excluded. 

Disinfection Oleothorax: Alone or combined with an inhibition or com- 
pression oleothorax: 50 cases. Satisfactory results were obtained in 60 
per cent; that is, the empyema was cleared up and the collapse was main- 
tained either by air inflations or an oil blockade. The results were 
unsatisfactory in 20 cases (40 per cent). Causes of failure in these cases 
were pleurocutaneous fistula, 4 cases, and pleuropulmonary fistula, 4 
cases. The object of the oleothorax, that is, disinfection of the pleural 
cavity, failed in 8 cases. Reformation of purulent exudate, necessitating 
abandonment of treatment, occurred in 4 cases. 


nig 
i 
ij 
i 
iq 
if 
if 
4 
ii 
. 


466 RAY W. MATSON 


Inhibition and Compression Oleothorax: 50 cases. Satisfactory results 
were obtained in 25 cases (50 per cent), and unsatisfactory results in 25 
cases (50 per cent). The treatment was temporarily abandoned but 
successfully reéstablished in 15 cases (30 per cent), and permanently 
abandoned in 25 cases (50 per cent). The abandonment of treatment in 
the above cases was necessitated in 20 cases because of a peristent exudate- 
formation. In 5 cases the treatment was abandoned because of severe 
constitutional reactions. 

Fontaine (22), on the basis of 100 cases, and Julian Marie (23), in a re- 
view of 50 cases, report almost similar results. 


SUMMARY 


Oleothorax therapy, although closely related to pneumothorax ther- 
apy, is a comparatively recent method of treatment and therefore lacks 
the test of time, which alone will enable one to estimate its ultimate 
value. 

Oleothorax therapy requires far more technical skill, keener judgment 
in the selection of material, and much more careful observation of cases 
than is required in pneumothorax therapy. 

Oleothorax therapy is indicated in the course of pneumothorax therapy 
under the following conditions: (1) as a disinfection oleothorax; (2) to 
inhibit the expansion of the lung in a threatened early obliterative pneu- 
mothorax; and (3) as a compression oleothorax to reéstablish collapse, 
or for the purpose of collapsing rigid-wall cavities in which an intra- 
pleural pneumolysis is impossible. 

Two types of oil are used, mineral and vegetable, to which gomenol is 
added in a strength of 1 to 10 percent. Mineral oil is less absorbable and 
less irritating than a vegetable oil. A mineral oil is recommended in 
order to inhibit expansion of the lung or for compression purposes. A 
vegetable oil is preferable in the toxic, mixed-infection empyemata, be- 
cause its rapidity of absorption permits a penetrating action of the 
gomenol. It also possesses great nutritive value. 

- Gomenol, in a strength of 5 per cent, is capable of killing the tubercle 
bacillus and is therefore recommended in the tuberculous empyemata. 
In the mixed-infection empyemata gomenol should be used in a strength 
of 10 per cent, since weaker solutions are not able to destroy mixed-infec- 
tion microérganisms. 

The fundamental principles of a disinfection oleothorax are (1) com- 
plete evacuation of the pus, (2) thorough cleansing of the pleural cavity, 
and (3) a disinfection oil-bath of the entire serosa. 
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Oleothorax is not justified in the treatment of an ordinary pneumo- 
thorax empyema unless it tends to chronicity and toxicity. 

Any substance, even air, when introduced into the pleural cavity, is 
likely to act as an irritant to which the pleura responds with an exudate- 
formation. 

For the above-mentioned reason, oleothorax therapy is not intended to 
supplant pneumothorax therapy, and it should be employed only when it 
is evident that a pneumothorax cannot serve its purpose. 

Oleothorax therapy is not recommended for the treatment of the ordi- 
nary serofibrinous exudates, which are well tolerated for the reason that 
the oil may produce an inflammatory reaction, thus reawakening the exu- 
dative activities of the pleura. 

In the absence of a purulent exudate, one should never attempt an oil 
blockade of the pleural cavity without first having tested the sensitiveness 
of the pleura to oil. 

In converting a pneumothorax into an oleothorax, one should be careful 
not to disturb the intrapleural pressure. This is accomplished by inject- 
ing the desired quantity of oil and the aspiration of air in units of 20 cc. 

Before establishing a compression oleothorax, the pleura should be 
prepared for higher oil pressure by preceding increased high air pressures. 

There is grave danger of lung perforation when a compression oleo- 
thorax is maintained under high pressure. 

Pleuropulmonary perforations are almost invariably due to progressive 
lesions in the lung cortex or pleura which ulcerate into the pleural cavity. 

The apparent increased incidence of pleuropulmonary perforation in 
patients undergoing oleothorax therapy is due to the fact that more 
cases are revealed by the oil. 

The presence of an unaccountable, gradual elevation of temperature 
demands exploration of the oleothorax cavity. 


REFERENCES 


(1) Bernovu: L’oléothorax thérapeutique, Bull. Acad. Méd., April, 1922. 

(2) GILDEMEISTER AND HorrMan: The volatile oils, John Wiley & Sons, Inc., New York, 
1922, iii. 

(3) BauMETz AND Matn: Quoted by CLErc, J.: Etude bacteriologique et experimentale 
du gomenol, Rev. d. 1. Tuberc., 1930, ser. 3, ii, no. 1. 

(4) DusBousquEet-LABORDERIE: Quoted by CLERC, J.: Loc. cit. 

(5) Crerc, J.: Loc. cit. 

(6) Kiss, G.: Technique des oléothorax, Rev. d. 1. tuberc., August, 1927, vii, no. 1. 

(7) Courcoux, A., AND BrpERMANN, A.: L’oléothorax dans la tuberculose pulmonaire et 

pleurale, Paris Méd., 1929, i, 15. 


i 

fq 

t 

} 

id 

j 

a 


468 RAY W. MATSON 


(8) Dreut, K.: Doppelseitiger Pneumothorax und Oleothorax und ihre Technik, Beitr. z, 
Klin. d. Tuberk., 1928, Ixviii, 173. 
(9) Exstnc: Annal. Surg., 1931, xciii, no. 6. 

(10) BerNov AND LavuRENs: Jorn. d. practiciens, March, 1923. 

(11) Kiss, G.: Rapport sur l’oléothorax, Rev. d. 1. tuberc., October, 1928. 

(12) ARMAND-DELILLE, P., AND Giroux, J.: L’oléothorax, complément du pneumothorax 
thérapeurique chez l’enfant, Bull. Soc. Pediatr., 1930, xxviii, 170. 

(13) Uxrict, H.: Die moderne Kollapsbehandlung der Lungentuberkulose, Med. Klin., 
1930, i, 193. 

(14) Drent, K.: Quoted by LorwentHaL, M.: Klinische Erfahrungen mit Oleothorax, 
Beitr. z. Klin. d. Tuberk., 1929, Ixxii, 575. 

(15) Morin, J., AND BovEss£e, F.: A propos de!’oléothorax, Ann. Méd., 1929, xxv, 330. 

(16) RosenTHAL, G.: L’oléothorax de Bernou (de Chateaubriant) et son utilisation en 
pratique médicale, Clinique, 1924, xix, 174. 

(17) Bernov, A.: Quelque remarque sur la technic des blocages huileaux de la plévre, Rev. 
d. 1. Tuberc., October, 1928. 

(18) Bernov, A.: Contribution a l’étude des injections huileuses massives dans la plévre, 
Ibid., June, 1926, vii. 

(19) SERGENT, E., AND Turptn, R.: Le traitement des épanchements purulents tuberculeux 
de la plévre, Arch. Méd-Chir. Appar. Respirat., 1929, iv, 48. 

(20) Burnanp, R.: Sur le traitement du pyopneumothorax tuberculeux, Bull. et Mém. 
Soc. Méd. Hép., 1928, xliv, 831. 

(21) Marte, J-C.: L’oléothorax, méthode complémentaire de collapsothérapie, Thése de 
Paris, 1929. 


(22) FontTAINE, J.: Resultat de cent oleothorax, Rev. d. 1. Tuberc., October, 1928. 
(23) Marte, J.: L’oléothorax, Louis Arnette, Paris, 1929. 


’ 


THE END-TREATMENT OF ARTIFICIAL PNEUMOTHORAX 
A New Use for Phrenic Avulsion 


JOHN CHICHESTER DUNDEE! 


When one considers the enormous amount that has been written during 

the last two decades on the subject of artificial-pneumothorax treatment 
of pulmonary tuberculosis, the scant space that has been given to the 
end-stages of this treatment is striking. At the present time pneu- 
mothorax workers in this field may be divided into two main groups: (1) 
sanatorium and hospital physicians and (2) private and clinic physicians 
in urban centres. With the general extension of the length of the treat- 
ment during recent years, the ranks of the latter group have been con- 
siderably enlarged, and it must be true that in the average case these 
private physicians now manage at least the last half of the treatment. 
Nevertheless, nearly all of the literature has been supplied by members 
of the former group, and, apparently, there is general familiarity in the 
medical profession with the frequent immediate, and often spectacular, 
results which they obtain. The lot of the city worker is quite different. 
The object of this article is to discuss briefly the main problems which 
confront them, and to report the response in four cases to an apparent 
aid to end-treatment in certain types of artificial pneumothorax which, 
it is believed, has not been used previously. This aid was phrenic- 
nerve avulsion. 

The sanatorium worker has a definite initial objective. With the least 
possible discomfort and risk to the patient, he seeks to obtain quickly the 
minimum degree of collapse of the lung that is conducive to the healing 
of all tuberculous infiltration and cavitation. The cavitation must be 
collapsed or obliterated before the treatment can be completely success- 
ful. This position of minimum collapse is then maintained, with the 
longest refill interval that is consistent with healing. By the time the 
patient leaves the sanatorium for his home and comes under the care of 
the city worker, the desired degree of collapse has, usually, been obtained. 
This article considers only cases that have acquired this collapse and 
have been under the care of the city physician long enough to bring up 
the question of ending the treatment. 


1 New York City. 
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The first problem presented to the city worker is wheth.. »r not 
patients ought to be referred back to the sanatorium for the pen. of re- 
expansion. The solution of this problem has changed greatly with the 
improved technique in the treatment. Judging from a perusal of the 
literature of about fifteen years ago, a common opinion of that time seems 
to have been that two years was the minimum period necessary to com- 
plete the whole treatment of artificial pneumothorax. There were many 
patients who were given the treatment for a period of six to twelve months 
only, with the result that often reactivation of lesions on reéxpansion 
occurred. The sanatorium, with its facilities for close observation and 
supervision, was undoubtedly the ideal place for the reéxpansion process 
then. During the past fifteen years, however, the average minimum 
length of treatment of two years has slowly increased with most workers. 
One of the most recent writers on the subject is Rist (1), who, from a large 
and varied experience, has come to the conclusion that complete reéx- 
pansion should not be allowed until the fifth year. 

One is faced with the choice of two different periods for ending the 
treatment: (1) when there is still a reasonable danger of reactivation 
occurring, later, if not immediately; and (2) when this doubt has, appar- 
ently, been removed by prolonging the treatment. By following the 
first course, further thickening of the pleura, and further formation of 
pulmonary fibrosis probably will be stopped, and the lung will more 
readily reéxpand. However, it has been the experience of the writer 
that, when the circumstances have been explained to the patient, he 
invariably responds with a request to follow the second course, and try 
to get rid of the disease at all costs. The writer aims to make his mini- 
mum period of treatment at least three years after the last positive 
sputum, but, if there is still existing excavation roentgenographically he 
prefers to have it obliterated before the three-year period commences. 
With the reéxpansion of the lung after this three-year minimum, it is 
felt that there is very little chance of reactivation of the disease. A 
method of guarding against this danger will be explained later, when a 
description of the different types of lungs encountered for reéxpansion 
will be given. It is felt that cases must be rare that would be more 
suitable for reéxpansion in a sanatorium than at home. With the pro- 
longation of the treatment there is a corresponding prolongation in the 
rate of reéxpansion, because of further thickening of the pleura and more 
pulmonary fibrosis. This would necessitate a long stay in a sanatorium. 
Besides the added expense, such a readmission would mean another break 
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the 54¢ of the patient who has already taxen up the threads of a pre- 
Yu },,aufine and is leading a normal life. The writer believes that a 
} .tient ought to continue this manner of living during reéxpansion, and 
|» this test reactivation, if it is going to occur, will be more readily 
tected before it is too late. 
When the last stages of pneumothorax treatment are conducted outside 
e sanatorium, the making of fluoroscopic examinations and stereoscopic 
-ray studies is quite indispensable. ‘To rely only on physical signs and 
mptoms is unscientific and often misleading. In the absence of daily 
‘omtact between patient and physician in the sanatorium, a careful 
ieck-up during each office visit is necessary. It is a good practice to 
{ uoroscope each patient before and after every refill, regardless of the 
sage of treatment at the time. One ought also to make stereoscopic 
‘-ray studies at least every four months, and more often if fluoroscopic 
<amination or symptoms indicate a change in the condition of the pa- 
ent. Fluoroscopic examinations before and after each refill give one a 
valuable record of changes in lung elasticity during the course of the 
reatment. In order to study the cycle of collapse and reéxpansion 
aused by each refill, one must see the shape of the lung immediately be- 
fore and after this procedure. The progress of lung fibrosis and pleural 
thickening, causing gradual diminution of movement in any part of the 
jung field may be observed. Thus, excessive fibrous-tissue formation 
and pleural thickening may be anticipated and, if considered necessary, 
may be combated by allowing some gradual reéxpansion. 


~ 


TYPES OF COLLAPSED LUNGS 


No two cases are the same when the time for ending the treatment 
arrives, but the writer thinks that there are five main types presented. 
He does not specify, however, the proportion of cases included in each 
type. A comparison of the incidence of any particular type with that 
of the others depends on the methods used by individual workers in 
cbtaining a collapse, and even more on the variation in the length of the 
t-eatment with different workers. That the types overlap to a greater 
‘lesser degree will be obvious. 


Type 1 


The patients belonging to this type are the most fortunate because 
tere has been little original destruction of lung tissue, and the lesion 
|as become largely absorbed without any formation of unnecessary 


H 
be 
Fa 
{ 
5 i 
| 
i 
¥ 
t 
F 
| 


472 JOHN CHICHESTER DUNDEE 


fibrosis and pleural thickening. Apparently, the reéxpanding lung wil 
readily obliterate the free pleural space, perhaps with the aid of a sligh 
falling in of the chest-wall that may have occurred during the course o 
the treatment, and, maybe too, with the help of a slight retraction of th 
mediastinum which is apt to take place during the period of reéxpansion 

Treatment of Type 1: The writer believes that partial reéxpansio 
should be sought very early in these cases. After the minimum degre 
of collapse that is consistent with the healing of the diseased area ha 
been obtained, the no1mal area of the lung is allowed to reéxpand gradi 
ally to a degree of about 80 per cent before refill. The resulting collaps 
is then maintained until the time for ending the treatment arrives. |] 
may be termed an “‘inner selective collapse’’ in contradistinction to th 
“selective collapse” advocated by several writers. In the latter proce 
the normal area of the lung is allowed to reéxpand completely, with the 
result that the pleural cavity immediately over it becomes obliterated by 
adhesions. The disadvantage of inner selective collapse is that the: 
will be more danger of permanent lung disability from pleural thickening 
and more danger of pleural infection if pleural effusion occurs, but the: 
is discussed later, under type 5, a method which aims to prevent the onset 
of this permanent lung disability. 

The advantages that inner selective collapse has over selective collapse 
are: J: If the pulmonary lesion becomes reactivated and spreads to the 
normal area of the lung, a further degree of collapse of the lung can be 
obtained and the spread combated. 2: When the treatment is being 
ended the lung will more readily fill the pleural space. This statement 
appears to be dogmatic. In order to support it, let us imagine two cases 
identical in every way, the first treated by inner selective collapse and 
the second by selective collapse. The original lesions have been of the 
common apical type with moderate excavation. In each case they have 
involved the whole upper part of a lung,—a wedge-shaped area with the 
apex the upper pole of the hilum and the base the upper lung periphery 
extending down to the level of the second rib anteriorly. The time has 
come for reéxpansion, and there have been no complications in either 
case. There has been definite contraction of the diseased areas and 
excavation has long since been obliterated. During the extended perio: 
over which the inner selective collapse is maintained, and while the con 
traction of the diseased area is taking place, the adjacent lung area follow 
the contracted area, but, at the same time, shows a greater degree 0 
expansion. This adjacent lung area is now in apposition to the lowe 
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p rt of the parietal pleura that originally was immediately over the lower 
‘t of the area of the disease. When reéxpansion occurs in the case 
ated with inner selective collapse the original area of disease has be- 
ne a wedge-shaped portion of the lung, smaller than before, with 
‘haps its base only covered by the pleura above the clavicle. The 

) rmal lung tissue has come to the rescue and has moved upward, 
rtially replacing the diseased area. If one could trace the normal lung 
sue that was immediately below the pleura at the level of the third rib 

2. teriorly before inner selective pneumothorax, it might be evident at 

| 2 end of the treatment that the identical tissue had risen to the level of 

tle first space anteriorly. On the other hand, with selective collapse 
the lower boundaries of the pneumothorax have been at the level of the 
third rib anteriorly, the pleura below this plane having been allowed to 
become adherent. When reéxpansion of the pneumothorax is sought 
very little aid can be expected from the normal lung below, as the lung 
tissue immediately below the pleura, at the level of the third rib ante- 
riorly, is fixed, whereas, in the case of inner selective collapse it may have 
moved upward to the level of the first space anteriorly. If with selec- 
tive collapse the pneumothorax expands completely, it undoubtedly 
causes more stretching of the pulmonary scars than does inner selective 
collapse. 

When it is deemed advisable to attempt to bring the treatment to an 
end, the following routine is employed: the 80 per cent degree of expan- 
sion before refill is allowed to become 90 per cent by lengthening the re- 
fill interval and decreasing the amount of air given. This 90 per cent 
recxpansion is then maintained for a period of about three months, by 
shortening the refill interval and giving smaller amounts of air. If the 
80 per cent reéxpansion has been maintained by a four-week refill inter- 
va| and about 600 cc. of air, it may be found that a 90 per cent reéxpan- 
sion can be maintained by a two-week refill interval and about 3990 cc. 
of air. This method provides a better trial for the lung, as the degree 
of -ollapse after refill is less than before. If the patient is free from symp- 

yas during the three-month period, the treatment is stopped. If at 

1’ time during the end treatment of type 1 there should appear definite 

‘dences that the lung is likely to have great difficulty in obliterating the 

‘ural space, or if there develops a marked retraction of part of the 

‘ liastinum to the pneumothorax side, with resulting symptoms, the 

» passes from type 1 into type 2 or type 3. The patient described in 
following case report was treated with inner selective collapse, and 
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Fic. 1. Inner selective collapse. The upper third of.right lung is 50 ‘per cent collapsed and 


erous calcified deposits. Arrow-heads indicate the lung periphery. . 
Fics. 2 and 3. Taken before and after refill, show the degree ‘of collapse during the last ti ce montis 
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pneumothorax was allowed to reéxpand by the method described 


ve. 


> 1: M.R., aged 20, had right-sided artificial pneumothorax performed on 

ember 6, 1928, because of several attacks of haemoptysis, since when spu- 

. has been continuously negative. Figure 1, taken May 8, 1931, shows the 

r selective collapse just before refill. The arrow-heads indicate the lung 

iphery. Largely calcified and scattered deposits can be seen in the upper 

d of the lung which is 50 per cent collapsed. The remainder of the lung 

a collapse varying from 20 to 35 per cent. An area of thickened visceral 

ura is present at the extreme base. The refill interval has been three weeks 

| the amounts of air have varied from 550 to 650 cc. Figure 2, taken 

November 16, 1931, just before refill, shows an average collapse of 10 per cent. 

‘igure 3, taken November 16, 1931, just after refill, shows a further slight 

collapse. At this time the refill interval was ten days and the amount of air 

given was 300 cc. The lung was maintained in this position for three months 
and the treatment was then stopped. 


Type 2 


A case is so designated when there have been one or several attacks 
of effusion that have caused thickening of the pleura and a fixed mediasti- 
num, with the result that the lung cannot fill the pleural cavity on re- 
expansion. There is still present a collapse anywhere up to 35 per cent. 
Possibly there is chronic pleural effusion. 

Treatment: It is believed that heretofore this type has been left alone, 
except for aspirations when indicated, and refills of air at long intervals, 
if the high negative pressures in the pleural space have caused discomfort. 
It is probable that a small minority of these cases have been forced into 
ype 5 by moderate to large pleural effusions which have remained un- 

‘pirated over long periods and thus some of them have finally terminated 
vith thoracoplasty. (This probability is discussed under type 5.) It 

is decided to try phrenic avulsion on two cases of type 2 and the 

follow: 


se 2: F, P., aged 29. Right artificial pneumothorax was performed on 
J] ly 31, 1927, because of severe haemoptysis and advancing disease. The 
\ iter was in Loomis Sanatorium at the time of this operation, and he has never 
n a more desperate case recover. Figure 4, taken July 13, 1927, shows: 
ht side: Disseminated moderate infiltration, practically throughout the 
d, most intense in the upper third and median half of the lower third. 
veral indistinct moth-eaten and honeycombed excavations above the second 
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Fic. 6 Fic. 7 


CASE 2 
Shows moder: infiltra 


Fic. 4. Taken July 13, 1927, before induction of right-sided pneumothorax. 
throughout the right lung field. Small cavities medially below the hilum. 
Fic. 5. Taken October 27,1927. Shows 80 per cent collapse. 
ded phré 


of lung. 
imothor 


Fic. 6. Taken August 26, 1930, nearly six weeks after the final refill and three days before right 
avulsion. Shows pneumothorax at the base. Note the thickened visceral pleura over the lower thi 
Fic. 7. Taken over a year later. Shows elevation of the right diaphragm and obliteration of the p 
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syace. Several small ragged cavities medially below the hilum. Left side: 
| ight infiltration around the hilum. Figure 5, taken October 27, 1927, shows 
{ie maximum degree of collapse obtained. This was 80 per cent, and was 
s ifficient to obliterate all excavation. The last positive sputum was on Febru- 
ery 7, 1928 and, on concentration, showed eight bacilli. A right hydropneu- 
1 othorax developed which necessitated aspiration. The patient became 
:ymptom-free, and one year after figure 5 was taken he returned to his home 
end resumed work. A gradual reéxpansion was allowed and pneumothorax 
‘reatment was stopped on July 18, 1930. Figure 6, taken August 26, 1930, 
1ows the degree of reéxpansion obtained. The lower third of the right lung 
apparently prevented from reéxpanding completely by densely thickened 
isceral pleura. X-ray studies made at this time revealed very slight move- 
ment of the diaphragm, the difference between the diaphragmatic levels on 
inspiration and expiration being a little less than the diameter of one rib. 
Several weeks later there had been no change in the degree of reéxpansion. 
The writer decided to have a phrenic avulsion performed, in the hope that it 
would help to obliterate the remaining pneumothorax, and, at the same time, 
give a permanent partial collapse to an area of the lung that had contained 
several small cavities. Phrenic avulsion was performed on August 29, 1930. 
There were no complications, and the patient returned to his work in a few 
days. Figure 7, taken September 28, 1931, shows elevation of the diaphragm 
and obliteration of the pneumothorax. The contour of the diaphragm is un- 
even due to thickened pleura. The eventual rise of the diaphragm was five 
times that noted between inspiration and expiration a short time before opera- 
tion. The patient continued to be symptom-free and is leading a normal life. 


Case 3: R. W., aged 31. Right artificial pneumothorax was performed on 
April 13, 1927. Figure 8, taken some hours before the operation by a portable 
unit, is not very satisfactory, because the patient could not codperate, on 
account of weakness from repeated attacks of haemoptysis, and from a con- 
tinuous high temperature. This figure shows: Right side: Heavy, predomi- 
nantly exudative infiltration through the greater portion of the field, amount- 
ing practically to consolidation in the lower part of the upper third. Laterally 
in this region there is a ragged cavity which measures approximately 2 x 2 
cm. Left side: No significant parenchymal changes. A satisfactory degree 
f collapse was obtained, and the last consistently positive sputum on monthly 
xamination was on September 13, 1927. After this, the sputum tests were 
lways negative, except on April 19, 1928, when four bacilli were demonstrated 
n concentration. The patient became symptom-free, and returned to his 
ome from the sanatorium in October, 1928. He commenced to work 
hortly afterward. Figure 9, taken February 21, 1929, shows the degree cf 
ollapse. There is a long band-like adhesion attached to the apex. The lower 
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portion of the visceral pleura is thickened, and obscures the underlying col- 
lapsed-lung detail. During the course of the treatment, this patient hac 
hydropneumothorax intermittently and had to be aspirated on several occa 
sions. When this complication occurred during the last two years of treatment 
it was unaccompanied by constitutional symptoms and the patient was abk 
to remain at work. The last refill was given on February 16, 1930, and at th 
time there was a slight amount of exudate present. During the next tw 
months the lung reéxpanded slightly, but at no point did it come in contac 
with the chest-wall. After the lapse of another two months, the degree 
reéxpansion and the amount of exudate had not changed. This pleural exu 
date obscured the diaphragmatic level in X-rays taken at that time. It wa 
decided to have phrenic avulsion performed, in the hope that at least a sligh 
elevation of the diaphragm would result, and thus diminish the size of th: 
pleural cavity. This operation was performed on June 17, 1930, and was un- 
attended by complications. Two months later a small quantity of fluid was 
aspirated from the hydropneumothorax and replaced by a very little air. 
Figure 10, taken more than a year later (October 28, 1931), shows the whole 
right side of the chest wall greatly contracted. No free pleural space can be 
clearly defined. The lung field is largely obscured by thickened pleura. The 
complete contour of the diaphragm cannot be discerned for the same reason, 
but the part distinctly seen is definitely elevated. The patient centinues to 
be free from symptoms and is working. The writer concludes that phrenic 
avulsion played a small but useful part in helping to obliterate the remaining 
pleural cavity. It is most probable that the operation would have been in- 
effectual if there had not occurred a marked falling in of the chest-wall. How- 
ever, it is possible that phrenic avulsion does aid the contraction of the affected 
side, since in all the cases treated by the writer the breath-sounds have been 
absent over approximately the lower third of the original lung field, and one 
might reasonably expect some increasing disuse atrophy of the intercostal and 
other accessory muscles of respiration over this area. 


Type 3 


In this type there has been a moderate amount of original lung destruc- 
tion. Pleural effusion either has not occurred during the treatment, or, 
if it has occurred, it has not fixed the mediastinum. The mediastinum 
is very flexible. The lung cannot reéxpand to the original size, and there 
still remains to be obliterated 35 per cent of pleural space, unless th: 
mediastinum is retracted from the midline. 

Treatment: It is believed that, heretofore, in this type the remainin; 
pleural space has been allowed to become obliterated by stopping th 
treatment and thus permitting the flexible mediastinum to become dis 
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CasE 3 
* Taker \pril 13, 1927, a few hours before induction of right-sided pneumothorax. Shows heavy predom- 
yexudativ: ‘nfiltration through most of the right lung. 
; 9 Takei ‘ebruary 21, 1929. Shows the degree of collapse. 
6.10. Take October 28, 1931, over sixteen months after right-sided phrenic avulsion. Shows the apparent 
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placed toward the side of the pneumothorax. It has been a common 
observation that many of these cases then exhibit signs of disability and 
suffer from unpleasant symptoms often caused by mediastinal displa. e- 
ment, such as dyspnoea on slight exertion, cough, pains in the chest aid 
tachycardia. The writer believes that, if phrenic avulsion is perforn 2d 
on patients of this type at the end of the pneumothorax treatment, | he 
resulting diaphragmatic rise will help to reduce the size of the remain ng 
pneumothorax, and will at least limit mediastinal displacement and pre- 
vent the frequently accompanying symptoms. A greater diaphragm: tic 
rise can be expected in this type than in type 2 because there has ben 
little or no pleural effusion and because the diaphragmatic pleura as 
probably been only slightly thickened. The writer has not yet pre- 
scribed operation for a pure case of type 3. However, he has two pa- 
tients who had been combinations of types 2 and 3 and who recently have 
had phrenic avulsion. At the time of writing, each of these still has a 
moderate amount of free pleural space, but, nevertheless, it was decided 
to report the results achieved to date by phrenic avulsion. 


Case 4: M. L., aged 42. Right artificial pneumothorax was started April 
13, 1928, and the last positive sputum was on June 4, 1928. The last refill 
was given September 25, 1931. Figure 11, taken October 30, 1931, shows the 
state of reéxpansion. A thick adhesion is attached to the lateral periphery at 
the level of the first costosternal junction. The diaphragmatic level is in the 
sixth space anteriorly. Right-sided phrenic avulsion was performed on 
October 31, 1931. There were no complications, and one week later the pa- 
tient was back at work. Figure 12, taken November 16, 1931, shows the 
diaphragmatic level in the fourth space anteriorly. The lower half of the 
pneumothorax is already obliterated, and it seems probable that the remainder 
will gradually become likewise. This patient had always complained of throat 
irritation and tightness in the right side of the chest when the refill interval was 
more than twenty-eight days. Phrenic avulsion was performed thirty-six 
days after the last refill, and there was an immediate disappearance of the 
above symptoms which had been present for a few days. The patient stated 
that after the avulsion his right chest felt as if he had just had an ordinary 


refill of air. 


Case 5: M. K., aged 45. Right-sided pneumothorax was started June 5, 1928, 
and the last positive sputum was on December 1, 1928. The last refill was given 
September 8, 1931. At that time there was a slight amount of fluid present 
which obscured the diaphragmatic shadow. Figure 13, taken March 30, 1231, 
before refill, shows the degree of collapse. The patient always had a ‘ght 
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Fic. 11 Fic. 12 
CASE 4 
Fig. 11. Taken October 30, 1931. Shows the state of reéxpansion of right lung. Rightsided phrenic avulsion 
as performed the next day. 
Fic. 12, Taken 16 days later. Shows the elevation of the diaphragm and partial obliteration of pneumothorax. 


Fic. 13 Fic. 14 
CASE 5 
Fig. 1°. Taken March 30, 1931, before refill. Shows the degree of reéxpansion of right lung. 


Fic. 1: Taken nearly a month after right-sided phrenic avulsion. Shows the elevated diaphragm and partial 
obliteratic of pneumothorax. 
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feeling over the lower half of his right chest if the refill interval had been more 
than thirty days. The last refill was given on September 8, 1931. Six weeks 
later there was very little more reéxpansion of the lung than is seen in figure 13. 
It was thought that the remaining pleural space could not be obliterated with- 
out a considerable degree of stretching of lung fibrosis and a further displace- 
ment of the mediastinum. There was a chance that the remaining pleural 
space, even with this stretching and displacement, would not entirely disap- 
pear. Phrenic avulsion was performed on October 22, 1931. There were no 
complications and the patient returned to work in four days. Figure 14, 
taken November 16, 1931, shows an elevated diaphragm, but the complete 
contour cannot be made out on account of thickening of the pleura. The upper 
third of the lung is still 50 per cent collapsed. There is a small amount of fluid 
present. 


It is thought that the most suitable time for phrenic avulsion, when it 
is indicated, is some weeks after the last refill has been given and when 
one is satisfied that the pleural pressures have become highly negative. 
In cases of type 3 also it should be performed before the mediastinum 
has become much displaced and before parts of the visceral pleura have 
come in contact with the parietal pleura. This will ensure more free- 


dom for the elevation of the diaphragm and lung before partial oblitera- 
tion of the pleural cavity by adhesions has set in. Naturally, as great 
a rise cannot be expected if the lower half of the lung has been allowed 
to reéxpand and become fixed to the chest-wall by pleural adhesions. 

One has to anticipate considerable, if not great, limitation in the degree 
of elevation of the diaphragm after the operation, due to thickening of 
the parietal diaphragmatic pleura. However, it is well to remember that 
in every pneumothorax case the degree of immobility of the diaphragm 
is accentuated by the pneumothorax itself. In the four cases undergoing 
phrenic avulsion the average rise of the diaphragm was more than had 
been expected, but was probably not nearly as much as would have been 
obtained if the operation had been performed before pneumothorax had 
started. However, this deficiency was considerably counterbalanced by 
the average falling in of the chest-wall during and after pneumothorax 
treatment. In advising these phrenic-nerve operations it was felt (1) 
that, if the diaphragm were found to be immobile, it never could have 
been of any use to the patient; (2) that, if even a slight elevation of the 
diaphragm were obtained, the patient would benefit; and (3) that the 
dangers were extremely slight. 

In regard to the dangers of phrenic avulsion, Dr. Berry, who performed 
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operations on the writer’s patients, is satisfied that they are less 
th n those present when the operation is performed for other reasons; in 
ast majority of cases it is undertaken in an effort to control active 
pi monary disease. Berry (2) recently reviewed the literature of the 
la t decade on the surgery of the phrenic nerve as applied to pulmonary 
tv erculosis, bronchiectasis, and abscess of the lungs, and tabulated the 
u: favorable results. Of the 4,697 patients who submitted to this sur- 
‘y, 1.2 per cent had complications directly attributable to the opera- 
n, and nearly half of these (that is, 0.5 per cent of the 4,697 cases) were 
etal. It is evident that these cases differed from those described in this 
article in that the vast majority must have had active and probably 
ac vancing disease at the time of operation. Half of the fatal cases died 
oi spreads of pulmonary tuberculosis or of pneumonia (tuberculous?). 
That there was danger of these complications in the cases reported by 
the writer was held to be extremely unlikely, an opinion based on well- 
ounded conclusions and formed after prolonged observation which 
showed that the lesions had been apparently arrested. In any case, if 
there had occurred spreads of the disease, or if the pulmonary lesions had 
become reactivated, a further degree of collapse could have been obtained 
and pneumothorax then continued. About 25 per cent of the fatal cases 
reported were caused by internal haemorrhage. Berry guards against 
this complication by being satisfied with a moderate resection of the 
nerve if it cannot readily be drawn up from the mediastinum, or if a 
chronic mediastinitis is recognized or suspected. 

Recently, several workers (3) (4) (5) have been advocating and per- 
forming phrenic avulsion soon after the induction of artificial pneumo- 
thorax. The writer thinks that this step is premature and apt to make 
more difficult the problem of lung expansion after pneumothorax treat- 
ment. Its advocates state that there is more stability of the mediasti- 
num following the operation and that a further degree of collapse of 
‘ung can then be obtained. It has been the experience of the writer 

aat, when a flexible mediastinum prevents the desired degree of collapse, 
‘uch a collapse often can be obtained by cauterization of adhesions, or 
y the development of hydropneumothorax, which usually causes thick- 
ied pleura and stabilization of the mediastinum. ‘These writers state 
iat the diaphragm is often pushed downward by the pneumothorax. 
he development of a hydropneumothorax after the operation must also 
e considered, as it is more likely to depress the diaphragm further than 
oes air. There is, therefore, little doubt that, by performing- phrenic 
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avulsion during pneumothorax treatment, there is more likelihood 
there being a larger pneumothorax space to be obliterated at the « 
of the treatment. There is also a considerable danger, in this downw 
position, of the diaphragm becoming somewhat fixed by adhesions, 

not being able later to regain the height obtained when the opera 
takes place at the end of pneumothorax treatment. 


Type 4 


In cases of type 4 there has been a large amount of original | 
destruction. Pleural effusion either has not occurred during the tre t 
ment, or, if it has occurred, it has not fixed the mediastinum. 
mediastinum is very flexible. The lung is completely collapsed : 
atelectatic. If the treatment is stopped it shows little or no ability 
reéxpand, and the mediastinum becomes greatly retracted to the pn: 
mothorax side. Under these conditions the mediastinum sways mark- 
edly with each cycle of respiration toward the pneumothorax on inspira 
tion, and away from it on expiration. 

Treatment: The patient is faced with chronic invalidism if refills are 
stopped and adequate surgery is not employed. Paravertebral thoraco- 
plasty is the ideal procedure for terminating the treatment, with phrenic 
avulsion as a slight additional aid. If the sputum has been negative for 
a period of three years, the patient is a good risk for the thoracoplastic 
operation and ought to be advised to have it. Certain patients may 
decide against it because of the slight operative risk, the resulting de- 
formity, and the long break in their normal routine that convalescence 
necessitates. Instead, they may elect to continue with refills of air for 
the remainder of their lives, because they know that pneumothorax has 
kept them free from symptoms for three years and will probably con- 
tinue to do so indefinitely. This can usually be accomplished on a fairly 
long refill interval. The pneumothorax may be changed into an oleo- 
thorax and oil given indefinitely, instead of air. 


Case 6: F. H., aged 39, isan example of type 4. Figure 15, taken just before 
a refill, shows the mediastinum displaced to the left. The left lung is collapse‘! 
by pneumothorax and partially hidden by the cardiac shadow. Arrow-hea: 
show the lung periphery. Adhesions to the lateral chest-wall at the level of t! 
second space may be seen. On fluoroscopic examination the mediastinum ° 
found to be very flexible and has a marked range of movement during eac 
cycle of respiration, especially during the few days preceding refill. On i 
spiration the mediastinum moves toward the pneumothorax side, and on e) 
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nin the opposite direction. Between refills there is a noticeable gradual 
| acy of the mediastinum to bend toward the pneumothorax side. The 
¢ however, retains its position because it is bound down by numerous ad- 
s, especially to the posterior chest-wall. This proclivity to mediastinal 
cement is checked by giving high positive pressures and continuing a 
and-a-half-week refill interval. If the interval is lengthened, the sway 
mediastinum is accentuated and the patient complains of dyspnoea on 
exertion. The amount of air given to hold the mediastinum in the 
d position is the slightly variable amount necessary to obtain a positive 
sure which is just short of producing slightly uncomfortable symptoms. 
m has now been negative for over four years and the patient leads a very 
life. Thoracoplasty was advised some time ago but was refused. 
Type 5 
n patients with this type the lung is completely collapsed and atelec- 
tatic. There is a chronic condition or frequent recurrences of hydro- 
pneumothorax. ‘The mediastinum is fixed. Sputum has been negative 
for a period of three years. The patient has often been well enough to 
work between the acute exacerbations of pleuritis. 

Treatment: Thoracoplasty is the best method of terminating the 
treatment, with phrenic avulsion as a probable slight aid. The thoraco- 
plasty should be performed between attacks, if possible, as the patient 
is likely to be in fairly good general condition at that time. If the lung 
is 70 per cent collapsed, it is probable that a paravertebral thoracoplasty 
will be sufficient to obliterate the pleural space completely. However, 
if the lung is wholly collapsed, so that little or none of it can be seen 
roentgenographically projecting into the pleural space, more extensive 
surgery will be needed to accomplish pleural-space obliteration. Figure 
16 is a good example of this degree of collapse. Archibald (6) recently 
demonstrated the roentgenograms of a patient with a similar degree of 
collapse of lung in whom he had been able to obtain pleural space oblitera- 
tion He stated that in addition to the usual posterior operation, supple- 
men ary anterior and lateral thoracoplasties had to be performed. To 
this observer, it seems obvious that in this type of case only the most 
acci "ate surgery can obtain the desired result. One can sympathize 
with a patient who elects to forego such extensive surgery and prefers 
to « ntinue with the aid of pneumothorax and fluid replacement, or 
olec horax. The replacement of chronic fluid by oil is now a fairly 
com non procedure and its advocates state that it often stops the develop- 
mei of fluid, or at least keeps the amount at a minimum. 
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CASE 6 
Fic. 15. Taken before refill. Shows mediastinum to the left. 
_ periphery of the atelectatic lung. 


Arrow-heads show the 
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Case 7 
Fic. 16. Shows a chronic hydropneumothorax, with the lung 100 per cent collapse: and 


atelectatic. 
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It is felt that a certain number of cases could be prevented from enter- 
ing the unfortunate type 5 by performing frequent aspirations. From 
the writer’s observations it is apparently not uncommon to allow mod- 
erate, or even large, amounts of fluid to remain in the pleural cavity for 
long periods, if there are no concurrent discomforts. It is thought that 
to follow this practice is to invite thoracoplasty, eventually, of a greater 
or lesser type. However, some of these cases, even if frequently aspir- 
ated, do come to thoracoplasty, because of the large amount of original 
lung destruction. There is a striking difference in the ability for re- 
expansion in collapsed lungs on fluid development at different periods in 
the treatment. If the fluid forms in the first year, the pneumothorax 
worker often has a difficult task to prevent the formation of adhesions, 
due to partial lung expansion. With frequent aspirations the amount 
of fluid removed will often have to be replaced by a nearly equal amount 
of air in order to maintain the desired degree of collapse. On the other 
hand, if fluid develops during the third year of treatment, the elasticity 
of the lung is likely to be diminished, on account of the formation of 
fibrous tissue present, and probably the lung itself will become hampered 
in its action by the formation of pleural thickening. There will not be the 
same tendency toward lung reéxpansion, and one will be more likely to 
find the fluid causing a further collapse of the lung, with the result that, 
in order to maintain the desired collapse, the air replacements. will have 
to be much smaller than the amounts of fluid removed. Thus one can 
see that, with fluid development occurring in the first year of treatment, 
nonaspiration often tends toward diminution of pleural space, whereas 
in the third year nonaspiration is more likely to produce further collapse 
of the lung and a greater pleural space. The sanatorium worker will 
probably encounter more of the former class, and the city worker more 
of the latter. If acute hydropneumothorax develops in the home and 
the general condition of the patient is such that visits to the office are 
contraindicated, an immediate transfer should be ordered to an institu- 
tion where facilities for fluoroscopic control are available. If fluid 
develops in a case with inner selective collapse of fairly long standing 
and with the major portion of the lung 80 per cent reéxpanded, there is 
very grave danger that this portion will become much more collapsed 
unless frequent aspirations are made and appropriately smaller air re- 
placements are given. Should the fluid then be allowed to remain in 
the pleural cavity for a prolonged period, a further degree of pleural 
thickening and pulmonary fibrosis is almost certain to ensue, and when 
the time comes for terminating the treatment it may be found that a 
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thoracoplasty will have to be resorted to, in order to accomplish pleural- 
space obliteration. Even if the degree of reéxpansion before fluid- 
formation is only 30 per cent, the same procedure of performing fre- 
quent aspirations and giving smaller air replacements will often be 
instrumental in maintaining this degree of collapse, and thus it will save 
a considerable number of patients from one of the operations supple- 
mentary to paravertebral thoracoplasty. It is well to remember that 
the replacement of chronic effusion by moderate to large amounts of oil 
often tends to produce similar pulmonary fibrosis in cases with various 
degrees of collapse, if the oil is allowed to remain in the pleural cavity for 
a protracted period. Oil should not be given in large enough quantities 
to disturb the desired degree of collapse. 


CONCLUSIONS 


In many cases the artificial-pneumothorax treatment of pulmonary 
tuberculosis can be terminated more satisfactorily at home than at a 
sanatorium, because the reéxpanding lung is best tested when the patient 
is in a normal environment and carrying on his normal work. 

The description and the end-treatment of certain different types of 
artificial pneumothorax are presented. In two types, phrenic avulsion, 
in a new capacity, is advocated to help obliterate the remaining pleural 
space, to“prevent undue stretching of pulmonary scars and to diminish 
mediastinal retraction. Four cases are cited. All of these cases show 
a very satisfactory response. 

The term “inner selective collapse” is used to describe a collapse in 
which the normal area of the lung is allowed to reéxpand only 80 per cent. 
This method is recommended as preferable to “‘selective collapse’ when 
the normal area of the lung is allowed to reéxpand completely. 

The practice of allowing moderate to large amounts of fluid to remain 
in the pleural cavity for prolonged periods is condemned, because such 
a procedure eventually tends to limit seriously the reéxpansion of the 
_ lung, as it usually increases pleural thickening, pulmonary fibrosis and 

atelectasis. ‘The benefits gained by allowing moderate to large amounts 
of oil to remain for a long time in the pleural cavity must be carefully 
weighed, as here also there is danger of excessive formation of pulmonary 
fibrosis and atelectasis. 
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ARTIFICIAL PNEUMOTHORAX ABANDONED AND 
REESTABLISHED! 


ELI H. RUBIN 


Pleural symphysis occurs almost invariably after artificial pneumo- 
thorax has been discontinued, particularly if an effusion has been pres- 
ent. As a result, the treatment is in many instances prolonged for fear 
on the part of the physician and the patient that with the cessation of 
artificial pneumothorax the pleural space will become obliterated and 
reéstablishment of the pneumothorax, in case of necessity, be made impos- 
sible. In presenting the following instance of artificial pneumothorax 
resumed after a lapse of almost four years, the writer is aware that it is 
not a unique experience. Yet, the fact that such an occurrence is pos- 
sible is of considerable significance in artificial-pneumothorax therapy. 


Report of Case 


The patient, a male, aged 22 years, was admitted to the Montefiore Country 
Sanatorium in October, 1923, with a history of cough, expectoration, loss of 
weight, fever and night-sweats of about one year’s duration. At the sana- 
torium he had several haemoptyses in December, 1923, and again in Septem- 
ber, 1924. Artificial pneumothorax was instituted. The haemorrhages 
stopped and the patient improved. He left the sanatorium in July, 1926, and 
was admitted the following month to the city institution. He received one - 
inflation of air in the interim. 

Physical and roentgen examinations at the Montefiore Hospital revealed a 
pneumothorax on the right side. The upper lobe was adherent to the chest- 
wall. The middle lobe was collapsed to about 80 per cent of its volume and 
the lower lobe to about 25 per cent. A moderate effusion was present at the 
base. The left lung was uninvolved. With subsequent refills the right lung 
was collapsed to a greater degree. The sputum was positive. 

After almost two years of continuous treatment it was felt by the staff that 
the patient had derived all the benefits possible from artificial pneumothorax 
and it was decided to discontinue treatment. On November 19, 1926, the 
writer gave the patient the last inflation of 600 cc. of air, leaving a final nega- 


1From the Tuberculosis Division of the Montefiore Hospital, Dr. Maurice Fishberg, 
Chief of Division. 
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t ve intrapleural pressure. His weight at this time was 132 lbs., and the tem- 
rature, pulse and respirations were within normal limits. Employment was — 
tained for him at the hospital so that he could be kept under medical super- 
sion, which was supplemented with frequent roentgenological examinations. 
ily a few of his many films are reproduced in this report. 

He felt well and, except for two occasions, once in January, 1927, and again 

October, 1928, when he was admitted to the wards for short periods to be 

‘ated for upper respiratory infections, his pulmonary condition remained 
cuiescent. Serial roentgenograms revealed complete resorption of the hy- 

opneumothorax, with displacement of the heart and mediastinum toward 

eright side. There was increase in fibrosis and calcification in the right lung, 
with evidence of a sclerotic process in the upper lobe of the left lung. 


Fic. 1. Artificial pneumothorax collapsing the right lung. (Courtesy of Dr. A. Shamas- 
n, Montefiore Country Sanatorium.) 


Toward the middle of August, 1930, the patient noticed bloody sputum 
id on several occasions experienced night-sweats. There was also increased 
ugh and weakness. In the latter part of the month be began having copious 
vemorrhages and fever. After a short period of observation, since the roent- 
‘n film showed a marked increase in the extent of the disease in the right lung 

well as in the upper lobe of the left lung, an attempt was made to reéstablish 

r haemostatic purposes the pneumothorax abandoned in November, 1926. 
n September 13, 1930, 450 cc. of air were introduced in the right chest without 
ficulty, the initial pressure reading —12, and the final reading, —6 —1. 
1 the following week more than 2000 cc. of air were injected, a good collapse 
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of the lung being obtained. The patient, however, developed signs of gen 
eralized miliary tuberculosis, and died October 12, 1930. 


Fic. 2 


7 
8 


Fic. 4 Fic. 5 


Fic. 2. Three months after discontinuance. Right lung considerably reéxpanded. Hy- 
dropneumothorax at base. 

Fic. 3. Complete absorption of hydropneumothorax. The heart and mediastinum a 
displaced to the right. 

Fic. 4. Reactivation of disease. Large cavity in right upper lobe and nodular sprea‘! 
throughout bothlungs. The heart and mediastinum are further displaced to the right. 

Fic. 5. Two days following reéstablishment of artificial pneumothorax. The rig]! 
costophrenic angle is clear. The heart and mediastinum are in midline. 


Necropsy revealed bilateral pulmonary tuberculosis, with cavity-formatio 
in the right upper lobe. In one large cavity there was an eroded branch of 
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pulmonary artery which bled into the cavity. Miliary tubercles were present 
in the lungs, liver, spleen and kidneys. The state of the right pleural cavity 
was of particular interest. The visceral and parietal layers of the pleura 
were thickened and organized, but were strikingly free from adhesions. The 
two layers were everywhere separated by pneumothorax except at the apex, 
where the pleural space was obliterated. 


DISCUSSION 


A number of physicians have described instances in which artificial 
pneumothorax had been reinduced after the treatment had been aban- 
doned. In some of the cases reported, the interval was rather short 
without there being definite evidence that the original pneumothorax had 
been completely absorbed; or else only a small amount of air was injected, 
the second pneumothorax being soon abandoned. In other cases, it 
appears that the reinduction was simply a substitution of air for an 
existing effusion. It is not improbable, however, that many more in- 
stances would come to light were attempts made more frequently. When 
artificial pneumothorax is indicated, a history of a previous effusion or 
physical and roentgen signs suggestive of an obliterative pleuritis should 
not deter the physician from making an attempt at induction or even 
reinduction. The shifting of the heart and mediastinum may be due to 
intrapulmonary fibrosis and atelectasis without there being concomitant 
pleural symphysis. Now and then one meets with such conditions in 
pulmonary tuberculosis. 

Hutchinson (1) reéstablished an artificial pneumothorax in a patient 
after a lapse of 6 years and 3 months. In his patient a pleuritic rub was 
audible but there was no complicating effusion. The original course of 
the treatment lasted 5 months. After reinduction the pneumothorax 
was continued for an additional 18 months. 

S. Vere Pearson (2) gave to one patient several hundred cubic centi- 
metres of air after the original pneumothorax had been discontinued for 
two years. In another instance a patient went 15 months without a 
refill. After an accident bloody fluid was withdrawn and 1400 cc. of 
nitrogen substituted. A third patient went two years between inflations 
but the patient had an appreciable amount of fluid in the chest. 

The incidence of pleural symphysis is believed by Burnand (3) to 
depend on whether or not artificial pneumothorax is followed by pleurisy. 
Of 7 cases complicated by pleurisy, five had complete symphysis a few 
months after discontinuation of treatment. In one instance pneumo- 
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thorax was successfully resumed after an interval of two months and in 
another tuberculous pneumothorax developed several years later. 

Successful reproduction of a pneumothorax is reported by Burrell (4) 
in a patient seven months after the last refill. Quite a satisfactory re- 
sult was obtained. In two others he failed to reproduce any pneumo- 
thorax 20 months and 12 months after cessation of treatment. Hirsch- 
berg (5) reports an instance of the resumption of pneumothorax after a 
ten months’ interruption. Almost a total collapse of the lung was ob- 
tained. A patient has been recently readmitted to the Montefiore Hos- 
pital who had received artificial pneumothorax for a period of 5 months 
in 1927. No refills were given for about 18 months. The treatment was 
resumed in June, 1929, and continued for an additional 3 months. 

A case is reported by Geer (6) of a patient who was given artificial 
pneumothorax on the left side in an effort to control recurrent haemor- 
rhages. The pneumothorax was administered from July, 1919, to De- 
cember, 1921. The lung reéxpanded with no appearance of symptoms 
until March 15, 1922, when haemorrhages recurred. Although the 
lung had come out to the chest-wall, it was possible to introduce 1300 
cc. of air, which stopped the bleeding promptly. Of additional interest in 
this case was the development of diabetes five months after the onset of 
pulmonary tuberculosis. 

Eizaguirre (7) relates the rare case of a patient who received artificial 
pneumothorax on the right side with considerable benefit. After the 
lapse of a year and a half, cough, fever and sputum containing tubercle 
bacilli reappeared. At this time, examination revealed an extensive tu- 
berculosis in the left lung. The right lung was freed from collapse by 
aspiration, when it was found that the cavities had cicatrized, the roent- 
gen films showing only the presence of faint lines. Pneumothorax was 
then performed on the left side with disappearance of all symptoms. Six 
to eight months afterward recrudescence took place in the right lung, in 
which there were now revealed one large and several smaller cavities. 
In a month, following temporary amelioration, the right lung was again 
successfully collapsed. In all, the treatment lasted three years and the 
patient gained eight kilos in weight. 

Among several patients of special interest, Morriss (8) reports one in 
whom collapse of the upper lobe had been maintained for about ten 
months. The patient then went away for a short vacation and the lung 
almost entirely reéxpanded. A plate at this time showed very definite 
increase in the area and density of the lesion in the portion of the lung 
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which had been collapsed. The patient had been doing well and showed 
no evidence of renewed activity. Collapse was reproduced without 
difficulty and, at the time of writing, was still being maintained eight 
months later. 

Several reports describe the administration of artificial pneumothorax 
to patients who have had previously serofibrinous or even purulent effu- 
sions. Haensel (9) describes 3 cases in which a preliminary exairesis of 
the phrenic nerve allowed the successful induction of pneumothorax pre- 
viously unobtainable because of pleuritis. Others report instances of 
tuberculous pneumothorax subsequent to effusions in which artificial 
pneumothorax could not be induced and instances of tuberculous pneu- 
mothorax recurring on the same side. The latter, however, cannot be 
considered as examples of the entry of air into a free pleural space. 
Indeed, the possibility suggests itself that under certain conditions the 
reéstablishment of an abandoned pneumothorax may be brought about 
through accidental needling of the pulmonary parenchyma, the pleural 
surfaces being gradually separated by the seepage of air under pressure 
into the pleural space. 

There is a practical significance to these observations describing what 
are undoubtedly unusual occurrences in the treatment of pulmonary tu- 
berculosis with artificial pneumothorax. Patients frequently present 
themselves in whom it seems desirable to induce artificial pneumothorax 
but, because the heart and mediastinum are displaced to the affected 
side, doubt arises as to whether pneumothorax can be instituted. Not 
infrequently, to the physician’s surprise, a satisfactory collapse of the 
lung is obtained. On the other hand, instances are legion in which arti- 
ficial pneumothorax cannot be established in patients who show, neither 
clinically nor roentgenologically, evidences of pleural symphysis. One 
must conclude that the only method of ascertaining whether a pleural 
space is free or obliterated is by inserting a needle attached to a manom- 
eter. 
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OBSERVATIONS ON ACCESSORY ROOTS IN PHRENIC 
EXAIRESIS 


LINCOLN FISHER! 


It is not the purpose of this paper to extol the already accepted virtues 
of phrenicectomy, but rather to emphasize briefly the possible importance 
of accessory phrenic roots or branches in determining the method of 
phrenic interruption indicated. A series of phrenicectomies accom- 
panied by careful search for accessories has been analyzed from this 
aspect. 

First, it may be well to state that phreniphraxis has not in our experi- 
ence proved justifiable. Injections of alcohol may be of slight value in 
very doubtful cases as a brief test-measure. Temporary nerve-block by 
simple crushing lasts for four to six months only, in which time the nerve 
regenerates and the diaphragm gradually resumes normal function. This 
operation has been used as a test-measure when the need for, or advis- 
ability of, permanent paralysis appeared open to question. However, we 
feel that, if collapse therapy is indicated at all in a given case, such a 
relatively mild relaxation as diaphragmatic paralysis affords should be 
maintained as a permanent factor of safety for the lung in question. 
Dyspnoea or undesirable parenchymatous changes, such as occasionally 
occur after phrenicectomy, are in no wise prevented or mitigated by a 
temporary crushing, which requires several months for regeneration. 
Any possible damage would have occurred long before the diaphragm 
could resume function. The small number of cases in which we earlier 
thought phreniphraxis advisable have all required a secondary exairesis 
some months later. This entails not only the pain and inconvenience 
to the patient of a subsequent operation, but also increases the operative 
difficulties and risks attendant upon more or less extensive granulation 
tissue in the original wound. Identification of accessories and avulsion 
may be rendered well nigh impossible in the presence of dense scar-tissue. 

Phrenic exairesis has sometimes been called “blind surgery,” in that 
the operator cannot see what is happening within the thorax during the 


1 Waverley Hills Sanatorium, Waverley Hills, Kentucky. 
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process of avulsion. On the other hand, simple phrenicotomy, or resec- 
tion of the nerve, is known to fail in a certain proportion of cases to pro- 
duce complete or permanent paralysis of the hemidiaphragm. It has 
been pointed out by Alexander that accessory phrenic branches are re- 
sponsible for this disappointing result. The writer prefers to call these 
accessory phrenics “roots” rather than branches, inasmuch as they are 
actually additional origins of the phrenic nerve, arising from the cervical 
roots and joining the main-stem either in the neck or below the clavicle. 
It is a not unheard-of misconception that the accessory ‘“‘branches” 
referred to arise from the main-stem within the thorax, arborize and 
enter the diaphragm. Such true branches would, of course, be inter- 
rupted by any resection of the main phrenic trunk in the neck. A few 
fibres from the twelfth intercostal nerve and a few sympathetic fibres also 
may have some slight influence on the function of the diaphragm. 

An accessory phrenic accompanying the nerve to the subclavius is the 
one most commonly noted in the literature. However, accessories aris- 
ing from any one or several of the cervical roots, or even the first thoracic, 
are not infrequent. These may join the main-stem within the operative 
field, but some will be found to pass independently beneath the clavicle. 
If two or three small accessories exist, they are apt to join the main 
phrenic above the clavicle, but large accessory roots tend to pursue a 
more individual course into the thorax. It is in the case of these larger, 
distinct roots that positive identification becomes important. It seems 
reasonable to suppose that, in the event of a large accessory passing 
around the subclavian vessels in a direction opposite to that of the main- 
stem thus forming a complete loop, avulsion might prove not only diffi- 
cult but dangerous. 

It is with this in mind that the writer suggests the importance of identi- 
fication of accessories. When it has been determined by the size and 
position of the nerves which is the main-stem, resection of all accessories 
which independently pass out of sight beneath the clavicle should be per- 
formed before avulsion is attempted. In this way avulsion becomes not 
only easier and less painful but also a less blind procedure. The danger 
of damaging intrathoracic structures is thus minimized. Also, the num- 
ber of complete avulsions possible is definitely increased by eliminating 
the side pull necessitated by breaking accessories when the main-stem is 
drawn out of the thorax. 

Plenk and R. C. Matson found an atypical formation of the phrenic 
nerve in 28 per cent of cadaver dissections. R. W. Matson writes, “Un- 
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less the avulsion is accomplished with ease, the danger of tearing into 
the subclavian vein must always be considered, since the accessory 
branch usually wraps around the subclavian vein to join the main stem 
of the phrenic nerve.” Sauerbruch reports three severe haemorrhages 
occurring during phrenicotomy; two patients died and the third lived 
after ligation of the subclavian vein. Nevertheless, Matson considers 
it permissible to avulse the phrenic nerve without looking for accessories 
unless a minimum of 10 cm. is not obtained readily. Bethune and Welles 
do not search for accessories. Welles reports two failures to secure per- 
manent paralysis in a large series. Bethune, in a series of about 200 
phrenicectomies, has never failed to secure paralysis of the diaphragm, 
even when only a few centimetres of the nerve were avulsed; he uses a 
very short incision and splits the fibres of the lateral head of the sterno- 
cleidomastoid, a direct approach to the normally-placed phrenic, which, 
however, may render searching for accessories or anomalies somewhat 
more difficult unless the wound be enlarged. O’Brien reports one failure 
to secure paralysis in a very large series. 

Although it is stated that removing 10-12 cm. of the phrenic nerve is 
sufficient guarantee of complete interruption of all accessories, exairesis 
of the entire nerve, including the terminal filaments, in a high percentage 
of cases lends a sense of added security, since the operation itself need be 
appreciably no more difficult and is even less hazardous than one in 
which no search for accessories is made. ‘Time is scarcely a consideration 
in phrenicectomy, when the difference between ten minutes and fifteen 
or even twenty minutes is negligible from the standpoint of both operator 
and patient. Immobilization and elevation of the hemidiaphragm were 
accomplished in all the cases in this series. In two-thirds of the cases 
complete avulsion of the nerve was effected. No operative complications 
were encountered. 

Although the usual anomalous phrenic nerve crosses the scalenus anti- 
cus either high up or very low down, and lies mesial to the muscle, it is 
interesting to note, that, in 36 phrenicectomies done at Waverley Hills 
Sanatorium in the past six months, two definitely and completely anoma- 
lous phrenics were found. Both ran entirely lateral to the scalenus anti- 
cus, at no point above the clavicle crossing the muscle. Running down- 
ward practically with the brachial plexus, neither could be positively 
identified until a thorough search for a normal phrenic had been made. 
No accessories were found in either case. In both, the nerve was avulsed 
with excellent results, 44 cm. being obtained in one case. 
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SUMMARY 


A recent series of phrenicectomies, accompanied by careful search for 
accessory phrenics, is analyzed with regard to the value of this procedure. 

In 36 phrenic exaireses, one or more accessories were found in 22 cases, 
or 60 per cent. Five had multiple accessories, four being the greatest 
number found in any given case. In eight an accessory accompanying 
the nerve to the subclavius was found and resected. 

In one case a double phrenic was present, the two being of equal calibre, 
crossing the scalenus anticus and passing beneath the clavicle without 
uniting. 

Before exairesis of the main-stem, resection of all accessory phrenic 
roots passing separately beneath the clavicle is suggested, as an aid to 
avulsion and as an additional safeguard against injury to the subclavian 
vessels. 

In this series, 24 phrenic nerves, or 66.6 per cent, were completely 
avulsed by this method, the greatest length being 44 cm. In only one 
instance was less than 10 cm. obtained, in a patient who had been oper- 
ated on a year previously in another institution without securing per- 
manent paralysis; dense scar-tissue rendered avulsion out of the question 
at the time of reoperation, although resection of an undoubted phrenic 
produced immediate immobilization and elevation of the hemidiaphragm. 

An appreciably larger incision is not ordinarily required in order to 
permit a search for accessories, although somewhat more thorough dis- 
section of the deep structures and a little longer time are obviously 
necessary. 

In all the cases in this series paralysis and elevation of the hemidia- 
phragm resulted. 
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PULMONARY TUBERCULOSIS WITHOUT PLEURAL IN- 
VOLVEMENT SIMULATING CHRONIC 
ADHESIVE PLEURISY! 


EDWARD N. PACKARD 


The immobile, retracted chest often seen after pleurisies and empyema 
is a classical picture. Besides the striking physical signs the roentgeno- 
gram reveals a dense homogeneous shadow more or less throughout the 
lung field; interspaces are narrowed; the diaphragm is usually high and 
immobile; and the mediastinum deflected toward the diseased side. These 
changes may be produced solely by the organized pleurisy, for the lung 
itself may be but slightly if at all diseased. When the same physical and 
roentgenological findings occur in pulmonary tuberculosis one naturally 
assumes that the pleura is adherent and he is usually justified in this opin- 
ion because of clinical and necropsy findings in similar cases. However 


this classical picture is not invariably the result of a chronic adhesive 
pleurisy but may be due solely to the pulmonary lesion, a point which I 
desire to emphasize because of its practical application in the surgical 
treatment of pulmonary tuberculosis. 


Case 1: An apparently healthy young man developed pleurisy with effusion 
on the left side in September, 1927. He was not aspirated at the time. Six 
months later 500 cc. of serous fluid were removed from the left pleural cavity. 
The roentgenogram (figure 1) was taken in June, 1929, twenty-two months 
after the initial symptoms. It showed a narrowing of the interspaces of the 
left chest, a deviated trachea, the heart slightly displaced to the left, and a 
more or less dense shadow throughout the hemithorax. Physical examination 
revealed limitation of motion and flattening of the left side. The heart was 
drawn to the left. There was marked dulness front and back; the breath- 
sounds were bronchial in character in the upper third of the chest, and feeble 
or absent below. There had never been any evidence of pulmonary involve- 
ment. The chest deformity, physical signs and X-ray shadows were due solely 
to an organized pleurisy. 


1 Read before the Clinical Section at the twenty-seventh annual meeting of the National 
Tuberculosis Association, Syracuse, New York, May 14, 1931. 
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SIMULATING CHRONIC ADHESIVE PLEURISY 


Fic. 1. Case 1. Chronic adhesive pleurisy, left chest. No pulmonary lesion. X-ray 
taken 22 months after initial symptoms. 

Fic. 2. Case 2. Chronic adhesive pleurisy, left chest. Note narrowed interspaces and 
deflected mediastinum. 

Fic. 3. Case 3. Chronic pulmonary tuberculosis of seven years’ duration. Note simi- 
larity of shadows to those in fig. 1. 

Fic. 4. Case 3. After inducing pneumothorax, showing free pleural space. 

Fic. 5. Case 4. Chronic pulmonary tuberculosis of six years’ duration. Complete 


dextrocardia. 
Fic. 6. Case 4. After induced pneumothorax, showing no pleural symphysis. 
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Case 2: Illustrates chronic adhesive pleurisy following effusion into the left 
pleura. The young man had a minimal tuberculous involvement of the mid- 
portion of the left lung in 1924. In July, 1925, an effusion developed and a 
litre of serous fluid was removed. The roentgenogram (figure 2) was taken in 
October, 1925. The physical signs of a flattened and immobile left chest, with 
dull percussion note and feeble or absent breath-sounds, with the roentgeno- 
logical shadows seen in figure 2 persisted, and in March, 1926, paracentesis 
was performed but no fluid was found. Five years later an X-ray showed 
that the pleural shadow had cleared almost completely, and that the lung itself 
was free from any evidence of disease. 


These cases illustrate the fact that a chronic adhesive pleurisy may 
cause chest deformities and extensive physical signs and roentgenological 
shadows without any definite involvement of the lung tissue. 


Case 3: A case of pulmonary tuberculosis of the left lung of seven years’ known 
duration. Phrenicectomy was performed on the left side in 1928 with partial 
success. The roentgenogram (figure 3), taken in November, 1929, showed a 
dense lesion throughout the lower two-thirds of the left lung, with extensive 
cavity-formation in the upper third; also the elevated and paralyzed diaphragm. 
The physical signs showed limited motion and flattening of the left side. There 


was very marked dulness front and back, and loud bronchial breathing, cavern- 
ous in quality, quite generally over the hemithorax. 

Although there was no history of pleurisy with effusion, yet from the long 
history of pulmonary tuberculosis, the physical findings, and X-ray shadows, it 
was believed that in all probability an organized pleurisy was present. How- 
ever, artificial pneumothorax was attempted with immediate success. Figure 
4 shows the character of the collapse. There were three or four small pleural 
synechiae present which caused band-like adhesions, but otherwise the pleura 
wasentirely free. The clinical result was excellent. 


Case 4: Is one of pulmonary tuberculosis of six years’ standing, during which 
time complete dextrocardia took place. The roentgenogram (figure 5) shows 
this condition, as well as the very markedly deviated trachea. Physical ex- 
amination showed a limitation of motion of the right, dextrocardiac chest, 
dulness front and back, bronchial breathing in the upper half of the chest, 
and absent breath-sounds below. There was no history of pleurisy with effu- 
sion, but it was believed that universal pleural symphysis was probably present. 
However, artificial pneumothorax was attempted and was obtained without 
difficulty. Figure 6 shows the character of the collapse. The pleura was 
entirely free except at the extreme apex of the thoracic cavity. 


SIMULATING CHRONIC ADHESIVE PLEURISY 


DISCUSSION 


These cases illustrate the point that in pulmonary tuberculosis a flat- 
tening and limited motion of one side of the chest, extensive dulness, 
bronchial breathing above and feeble breath-sounds below, or the X-ray 
findings of a dense shadow more or less throughout the affected side, 
obliterated costophrenic angle, high or peaked diaphragm, or displaced 
trachea or heart, do not singly or collectively constitute a sure means of 
diagnosing an adherent pleura. Only by the success or failure in intro- 
ducing air into the pleural cavity can the absence, or presence, of adhe- 
sions be definitely determined. 

Whether the pleura is adherent or not assumes more than academic 
interest in this era of pulmonic surgery, for many patients have been 
denied an attempt at artificial pneumothorax because the physician be- 
lieved, judging from the physical signs and roentgenogram, that no free 
pleural space was present. If, however, an attempt is made in these 
cases to induce artificial pneumothorax the physician will often be agree- 
ably surprised to find that there is no universal pleural symphysis and 
that the lung collapses readily. 

Unless pneumothorax has been previously tried there is danger in 
thoracoplastic operations that the surgeon may puncture a supposedly 
adherent pleura with resulting collapse of the lung, infection of the pleura, 
and possible death of the patient. This unfortunate accident has oc- 
curred, and thoracic surgeons are generally agreed that artificial pneu- 
mothorax should be attempted before any thoracoplastic operations are 
performed. 

Bull (1) states that twenty-three of his 168 thoracoplastic patients 
developed pneumothorax on the operating table (that is, 13.7 per cent). 
In none was this the cause of death. Eleven of the twenty-three had 
been said to have obliterated pleura. It was possible to continue the 
operation inallcases. Thirty-eight of Bull’s patients were seen at opera- 
tion to have a free nonadherent pleura; yet in twenty-two of them the 
attempts to induce pneumothorax before operation had failed or in 
eight of them it had been thought not worth attempting. 

That marked pulmonary changes, with distortion of the thoracic vis- 
cera in the presence of a free pleural space, are in all probability due to 
a massive atelectasis has been discussed elsewhere (2) (3) (4) (5) and will 
not be considered in detail at this time. 
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EDWARD N. PACKARD 


CONCLUSIONS 


1. Pulmonary lesions alone may give all the physical and roentgeno- 
logical signs of an extensive adhesive pleurisy. 

2. Only by testing the pleural “space” with needle and manometer is 
it possible to tell whether there is pleural symphysis or not. 

3. Patients who present the physical and roentgenological findings 
associated with an organized pleurisy should not be denied an attempt 
at artificial pneumothorax, if such therapy is clinically indicated. 

4, Artificial pneumothorax should be attempted before thoracoplastic 
operations. 


Acknowledgments are due the staff of the New York State Hospital for Incipient Tubercu- 
losis, for the use of some of the X-rays and clinical notes. 
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THE DANGER PERIOD IN THE TREATMENT OF | 
PULMONARY TUBERCULOSIS 


JOHN B. HAWES, 2ND 


I propose to discuss here the treatment of a group of patients who, ac- 

cording to all our criteria, should recover their health and efficiency to a 
certain extent at least, provided they receive proper treatment and are 
under adequate supervision while going through what I have called the 
“danger period.” 

At the present time a great deal of attention is being paid to patients 
who are clinically sick. Absolute rest, postural rest, pneumothorax and 
other operative procedures, lights, and sera, and autoinoculation,—all 
have their ardent adherents. And again, there is that other group of 
patients whose disease is arrested or apparently so. For them sheltered 
workshops, farm and industrial colonies, placement bureaus and re- 
habilitation committees are working all over the country, and most 
laudably so, in their efforts to get the consumptive back on the job. 

All this is very well. God speed their efforts and activities! But there 
is left a middle class, a convalescent group, who are not sick enough or 
who are thought not to be sick enough to require detailed medical super- 
vision and yet who for many months should not be allowed to go back 
to work. It is for this group—and I believe a much neglected one—for 
whom I would make my plea. It is these patients who are going through 
the ‘‘danger period” in their treatment. 

“When the Devil was sick, the Devil a monk would be,” applies very 
well to this subject. When the average patient has had a haemorrhage, 
or finds that he is running a high temperature and pulse, and has been 
thoroughly scared and well tamed by someone of us in the cities who are 
constantly sending the best part of our practice to Saranac Lake or else- 
where, such a patient is usually fairly amenable totreatment. And, if he 
isn’t, my friends where I send him will institute pneumothorax or cut a 
nerve or as a last resort hang that Damoclean Sword of intestinal tubercu- 
losis over his head (at least at Saranac Lake), and he will be thoroughly 
subdued. I once asked a confrere of mine why he charged the patients 
I sent him such ridiculously low prices. He told me frankly that by the 
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time the patient had reached him all the hard work had been done and 
that all he had to do was to keep him in bed and to hold his hand when 
necessary. I hope to persuade my medical friends in sanatoria and 
health resorts that there remains a great deal of hard work to be done in 
addition to what we look upon as strictly medical treatment on their side 
which at present I feel is somewhat sketchily attended to. 

Dr. John Bryant of Boston has done a real service to the community 
by calling attention to that neglected and much abused period of con- 
valescence after surgical operations. The surgeon performs a brilliant 
operation, and under his care and that of his assistant and, of far greater 
importance, that of an immaculately dressed and occasionally beautiful 
and even intelligent nurse, the days in the hospital except for gas pains 
pass happily enough. And then the patient is sent home cured and fora 
while at least, despite the tender administrations of “friend wife,” the 
bottom drops out of everything. The surgeon is busy on other cases and 
so is his assistant; the family doctor too often is blissfully unaware that 
his patient has come home, while the patient is apt to feel rather ashamed 
to callon him. And so he is left to feel his way alone, making decisions 
he should not be called on to make and usually making them wrong. I 
believe, however, that this state of affairs in surgery is now changing for 
the better as far as convalescence is concerned. 

But patients going through those months, which in tuberculosis cor- 
respond to the days or weeks of convalescence from acute conditions, need 
far more in the way of treatment and supervision than most of them now 
receive. While strong in my belief that every tuberculosis patient should 
spend some time, long or short as his needs may require, in a sanatorium 
or its equivalent, the fact remains that too many doctors, general prac- 
titioners and specialists, feel that their work is done and well done when 
they have placed their patients in Rutland or at Saranac Lake or Liberty 
or elsewhere, while, on the other hand, far too many sanatorium men seem 
to feel that their duty lies purely with the present and is one that con- 
cerns only the immediate needs of the patient. His future rests with God 
or the family doctor. And in too many cases the patient on his return 
fails to get help from the latter. This is not as it should be. The pa- 
tient’s stay in a sanatorium is only an incident, an essential one I admit, in 
a course of treatment, of which the most important part and the one most 
difficult to handle is during the six months or year immediately following 
his arrival home. Whether he has been an institutional patient or a 
resort patient or has been taking home treatment, while sick and con- 
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fined to bed he has usually behaved according to rule. But when that 
time comes for which he has been longing, when walks and drives and 
exercise, mental and physical, are allowed, that is the time when tempta- 
tions of all kinds beset him, to some of which at least he will yield unless 
he has had the best of teaching and a specialized educational course 
given, to warn him of just those dangers and pitfalls and to teach him 
how to avoid them. 

How much of such training is now offered? Very little, I fear. In 
Massachusetts while Secretary of the State Tuberculosis Commission 
some fifteen years ago I organized the follow-up work of patients dis- 
charged from our four state sanatoria. I believe that, as long as this 
work was in the hands of a few nurses and social workers whom I knew 
and whose efforts I could direct, it was fairly well done. At present I 
fear that it amounts to little or nothing and consists chiefly of writing 
letters. I have sent patients to every sanatorium in Massachusetts, 
public and private, state and county, and, although I usually, certainly 
not always, am notified of the patient’s discharge, this is all I get. I 
fear the patient gets even less. Sometimes the patient comes back to 
see me; usually not. Nowadays, when I receive a letter stating that one 
of my patients has been discharged from some institution, I immediately 
write to him urging that he come in to see me at once. Sometimes he 
does. During the past twenty-five years I have sent many patients to 
Saranac Lake and I am sure that every doctor there has, at one time or 
another, had patients of mine under his care. I have received from these 
doctors detailed letters concerning the physical condition of these pa- 
tients at the time they left Saranac but, out of what must amount to a good 
many hundred patients, I can remember very few who have returned to 
me with a clear idea not only as to their own physical limitations but 
especially as to the need of constant medical supervision during this 
danger period, and, most important of all, with any broad vision as to 
the magnitude of the problem of tubercuiosis and public health. 

I tell my patients in this convalescent stage when they ask me the old 
question: ‘How am I getting on and how long must I take treatment,” 
that I can give them no definite date but that, if things continue as they 
are, I believe that it is safe for them to make plans to go to work at such 
and suchatime. But I always add that I am far more interested in how 
they are going to be one year, five years or ten years from now rather 
than in their condition next month or six months from then. Miss 
Billings, the most efficient executive secretary of the Boston Tuberculosis 
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Association, once asked me how long we should follow up in their homes 
the children discharged from our Prendergast Preventorium. ‘Until 
they die of old age” was my answer. I find very few patients returning 
from a sanatorium who seem to realize the chronicity of tuberculosis and 
that this disease must be kept under observation for an indefinite period. 
Only recently an otherwise intelligent nurse, in charge of young children 
at a girls’ school, with an old tuberculosis and once a positive sputum, 
argued with me at some length. because I insisted on her seeing me at 
least twice a year! 

The trouble with this whole problem is that a remedy is so extraordi- 
narily difficult to find. One cannot prescribe brains and intelligence. It 
is a question of time and money. Knowing as I do the burdens that my 
friends at Saranac Lake, Asheville, Colorado Springs and elsewhere are 
carrying, I do not wonder that they cannot sit down and discuss at length 
with their patients, to educate them concerning the difficulties and 
dangers of the six months or year following their discharge. And I 
am equally sure that the superintendents and resident physicians of our 
state and county sanatoria are just as overworked and underpaid. I 
know that they would welcomethe appointment of some person whose sole 
duty it was to talk over these things with those patients about to be dis- 
charged. But how to find the time on the one hand or the money on the 
other is difficult. I sometimes wish that at Saranac Lake, for instance, 
the doctors would get together and appoint some properly trained 
woman, whose sole duty it would be to talk with patients who in a few 
weeks were planning to leave for their homes. Such a person could do 
an immense amount of good by impressing upon such patients and their 
relatives and friends that their task was not yet completed; that their 
tuberculosis was not yet cured; that they must continue to be under good 
and close medical supervision for months to come; and that simply be- 
cause they had gained twenty or thirty pounds and looked and felt well 
did not mean that they could go their way alone. If such patients could 
only be made to understand by someone that we doctors in the cities, 
away from sanatoria and health resorts, are not merely trying to bolster 
up our bank accounts when we ask them to come back to see us once a 
month or so, and to impress upon them that we doctors in the cities do 
know a little—even if perhaps only a very little—about what we are try- 
ing to do, which is to keep them well and to make for them the time and 
money spent at the sanatorium a good investment. 

In Boston—and I presume it holds true elsewhere—the very poor pa- 
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tients are fairly well taken care of in this way. Those who are sent to 
Rutland, for instance, from some of the regular city health and tubercu- 
losis clinics, are looked up almost immediately on their return and forced 
even against their will to come to the clinic for examination every three 
months. But with the others, the well-to-do or those in moderate cir- 
cumstances who are or should be under equally good supervision at the 
hands of the general practitioners or specialists, the case is quite different. 
There is no nurse to visit them to see that they are doing the right thing. 
Doubtless they have been told by someone on leaving the sanatorium or 
elsewhere to report to their doctor, but I doubt if the importance of this 
has been particularly emphasized. Perhaps they report to their family 
doctor once, but this they consider to be sufficient and so they continue 
until in far too many cases they relapse. 

Where does the fault lie for all this?) The blame may well be divided. 
In the first place, I do not believe that patients at sanatoria or health 
resorts are sufficiently impressed with the dangers that await them during 
the period of convalescence, the six months to one year after discharge. 
Again, patients themselves do not use common sense or ordinary intelli- 
gence, and, knowing perfectly well what they should do, fail to report to 
their physician for fear he will give them some bad news or be too strict 
with them; while, in the third place, general practitioners and sometimes 
the specialists are either too busy to insist that such patients come in for 
examination on their return or else are fearful lest someone think they are 
trying to “drum up practice.” 

Back of all of this, in many cases at least, there is an economic factor. 
Patients who see the end of their resources staring them in the face feel 
that at any hazard they must get to work at the earliest possible moment. 
Too often the result of yielding to a perfectly natural urge ends in 
tragedy. It should be impressed on such patients (and it is the duty of 
the doctor who has been in charge of their case to so impress them) that 
going back to work too soon is the poorest sort of economy or rather not 
economy at all. 

Whatever be the causes, the situation with this group of patients here 
described is not what it should be. An educational campaign in this 
direction as well as in that of early diagnosis would do a great deal of 
good. 
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SOME REASONS FOR THE TREATMENT OF TUBERCU- 
LOSIS PATIENTS IN GENERAL HOSPITALS 


ARTHUR T. LAIRD anp ROY M. MAYNE 


The care of tuberculosis patients in hospitals for advanced cases near 
the patients’ homes and in sanatoria for curable cases was urged upon 
the public and all governments by the International Congress on Tu- 
berculosis held in Washington in 1908 (1). Dr. Livingston Farrand was 
Secretary of the Committee on Resolutions. 

At the twelfth annual meeting of the National Tuberculosis Associa- 
tion held in the same city in May 1916 (2) Dr. George Dock of St. Louis 
read a paper entitled The Relation of the General Hospital to Tuberculosis 
and the following resolution was passed: 


Whereas in the past the tendency of general hospitals has been to exclude cases 
of tuberculosis and 

Whereas, it has been demonstrated in a number of such institutions that this 
class of cases may be admitted into separate wards without detriment to other 
patients, and 

Whereas, both for humanitarian reasons and for purposes of instruction, there 
is need for a change of policy in this regard, therefore be it 

Resolved, That the National Association for the Study and Prevention of Tu- 
berculosis recommends to general hospitals through both their medical and lay 
boards, that separate wards, one for each sex, be established for the care of such 
cases. 


In 1921 the American Medical Association (3) recommended that gen- 
eral hospitals should provide separate wards or separate rooms for the 
care of pulmonary-tuberculosis patients and that such patients never be 
denied admission, at least in emergency and for temporary periods, be- 
cause of the character of the disease from which they have been suffering. 
In the same year the Board of Trustees of the American Hospital Asso- 
ciation (4) recommended that separate wards for tuberculosis be es- 
tablished in general hospitals where possible. 

These suggestions of the various national associations have been fol- 
lowed by a considerable number of institutions. According to the 1926 
directory of the National Tuberculosis Association 35 or more general 
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hospitals then had tuberculosis divisions. Some have had them for 
many years. The Hartford Hospital was one of the first, with its tu- 
berculosis department established in 1902. The Ancker Hospital in 
St. Paul has one of the larger separate divisions (215 beds) devoted es- 
pecially to this disease. In Albany, New York, the sanatorium itself 
has been under the direct supervision of the City Hospital since 1909. 
Various plans have been tried in different cities. As there are in the 
United States over a thousand general hospitals of 100 beds or more that 
have been approved by the American College of Surgeons and nearly 500 
more of 50 to 100 beds, it can be seen that in many cities no attempt has 
yet been made to meet an obvious need. 

The reasons why general hospitals should admit tuberculosis patients 
have been discussed at length by Dock (5), Snell (6), Smith (7), Tasch- 
man and Stivelman (8), Myers (9) and others (10). 

In an effort to furnish readily available information for communities 
anxious to meet this issue squarely we are repeating here some of the 
reasons given and are relating some of our experiences in Duluth during 
the past five years. 

Among the reasons why such patients should be treated in general 
hospitals are the following: 

Tuberculosis patients cannot now be properly treated where the re- 
sources of a general hospital are not available. The only alternative to 
close affiliation between the local sanatorium and the local general hos- 
pital is to provide the sanatorium with modern hospital equipment and 
staff. This is possible in the case of very large institutions but not for 
the average sanatorium. 

The hospital has only recently, since standards have been raised 
through the efforts of the American College of Surgeons, been able to 
offer what the sanatorium now needs; that is, complete diagnostic service, 
including laboratory and X-ray facilities, surgical departments equipped 
for thoracic surgery and the resources demanded by the various special- 
ties. Many general hospitals of Class-A grade now possess the resources 
needed. 

There has long been imperative need for observation stations where 
cases for diagnosis can be thoroughly studied without being prematurely 
labelled tuberculous and where in the meantime they should not be de- 
prived of proper treatment. The hospital can provide such diagnostic 
stations. 

Emergency cases of tuberculosis requiring immediate care either from 
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the acute nature of their lesions or on account of accidents such as 
haemorrhage or spontaneous pneumothorax should not have to wait for 
treatment until they can be admitted to the sanatorium. 

Infectious cases should be promptly removed from the environment of 
children and other contacts. The hospitals can increase the number of 
beds available for them. Moribund cases are entitled to comfort pos- 
sible from close medical supervision and skilled nursing. They should 
not be sent to sanatoria where they will receive no permanent benefit and 
where their presence will have a depressing effect on other patients, nor 
should they be left without proper care in their homes where they are a 
source of danger. 

Patients on the sanatorium waiting-list should be admitted to a general 
hospital for preliminary study from every relevant standpoint, with the 
help of equipment and resources available only in Class-A institutions. 
Conditions that would hinder their recovery should be corrected, if pos- 
sible, before their admission to the sanatorium. 

Patients who have already been admitted to the sanatorium may de- 
velop complications requiring their transfer to the hospital. They may 
need operations for appendicitis or for sinus disease; they may be suitable 
subjects for phrenicectomy or thoracoplasty, or it may be wise to consult 
the orthopaedist regarding an Albee or Hibbs operation. Sometimes the 
help of the neurologist or the urologist must be sought. The location of 
sanatoria close to large cities, the building of paved highways and of com- 
fortable motor ambulances, all make the transfer of the patients safe and 
simple. 

Thus far we have been giving reasons from the patient’s standpoint, 
enumerating benefits that would occur to him from hospital admission. 
It is in order now to mention some of the reasons why the general hos- 
pitals cannot afford to refuse admission to tuberculosis cases. 

The first is that practically every hospital does admit cases of tubercu- 
losis under other diagnoses. Sometimes the evidences of tuberculosis 
develop after the patient has been admitted. For the safety of nurses 
and other attendants the presence of these patients should be recognized 
and acknowledged and proper precautions taken to prevent infection. 
In the meantime the patient is entitled to the care which his condition 
demands. This means the establishment of a tuberculosis division in 
the hospital. 

A general hospital should be a general hospital in fact as well as in 
name, meeting so far as possible the general needs of the community and 
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providing facilities for the handling of all of its commoner diseases. Do- 
ing so will help to keep beds filled at all seasons of the year and will aid 
in equalizing the amount of service rendered. Many hospitals are un- 
able to provide pupil-nurses with experience in the technique of nursing in 
communicable diseases. The tuberculosis division is one place where 
the nurse needs to follow a thoroughly effective method of self-protection. 
She will need it in practice after graduation, not only in caring for tu- 
berculosis patients, but in her services for those with other respiratory 
infections. 

Physicians who see tuberculosis patients daily in general hospitals, and 
who follow their symptoms and treatments in groups of cases as given in 
staff-meeting reports, will naturally acquire more interest and efficiency 
in the treatment of this disease than those who rarely hear it discussed. 

Tuberculosis is very often a possible diagnosis and, now that it is less 
common than formerly, it is rather frequently not the right diagnosis. 
Physcians cannot afford to make this diagnosis hastily; the close re- 
semblance between tuberculosis and many other conditions and its rela- 
tionship to other diseases make constant study of its various manifesta- 
tions an ever-present necessity. There is not a specialty that can ignore 
it and no field of medicine to which it is not related. 

Now that hospitals are becoming more than ever public-health centres, 
the dissemination of knowledge about tuberculosis is evidently a hospital 
function. The out-patient department through its tuberculosis clinics 
can render especially valuable service in this field. 

Various a priori objections to the admission of tuberculosis patients 
have kept many general hospitals from opening their doors to them. 
Most of these, at least, have not proved valid when the step has actually 
been taken. 

One is that the presence of tuberculosis patients in the institution 
would keep other patients away. The fact that definite provision is 
made for them in special divisions should give a sense of security, since 
unsupervised cases will not then be left in other departments. 

The objection that fresh air and rest are not of as good quality as is 
obtainable at the sanatorium can be met by the fact that nearly every 
hospital can provide sufficiently fresh air and adequate rest treatment 
without radical structural alterations or the adoption of impractical serv- 
ice routine. Climate is everywhere recognized as of supplemental rather 
than of elemental value. 

The fear that in general hospitals the patient could not receive modern 
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tuberculosis treatment has no real basis in most communities. With the 
improvement of standards in hospitals and the multiplication of the 
sanatoria there are few cities where trained tuberculosis men are not 
available as supervisors of treatment and the association of the sanato- 
rium men with the general hospital staff is bound to be of mutual advan- 
tage. Affiliation with the local sanatorium is desirable and possible for 
most hospitals. 

The expense of maintaining a tuberculosis division will not necessarily 
add to the financial burdens of the hospital. Private patients will pay 
their own way. The community should provide for those unable to pay 
their expenses. The presence of a tuberculosis clientele helps to keep 
hospital beds filled and provides a sure source of income, most of which is 
readily collectable, as it comes from taxation. 

The objection that the admission of tuberculosis patients exposes 
nurses and other employees to danger of infection must be treated seri- 
ously. A few years ago we would have been inclined to say that most 
nurses, being adults, would have already acquired an amount of tubercu- 
lous infection that would ensure their reaction to the tuberculin test, and 
that this would protect them from further infection from without, 
through contact with patients. 

Now, from the studies of Heimbeck (11), Geer (12) and others, we know 
that many pupil-nurses come to general hospitals without evidence of 
previous infection and that a considerable proportion of them do not 
react to tuberculin. It has further been shown that the percentage of 
those who react positively to tuberculin increases with length of hospital 
service and is much larger at the close of the course of study than at the 
beginning. ‘This is also true of medical students and internes. 

Hospitals would have to be closed if doctors and nurses were never to 
meet possibilities of acquiring infection or of contracting illness in them. 
The new knowledge of the ways of tuberculous infection should lead to 
better technique in its prevention. But, as all doctors and nurses who 
practise in our cities are inevitably going to come repeatedly in contact 
with tuberculosis, recognized or unrecognized, in connection with their 
daily work, where is there a better place to meet it first than in the hos- 
pital where it may be controlled by the prompt application of measures 
indicated? The exact significance of a positive tuberculin reaction is not 
understood. We believe that many persons with negative reactions 
have a considerable amount of immunity to tuberculosis. The signifi- 
cance of intense reactions is a matter still under discussion, as are the 
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relations of hypersensitiveness and immunity. Dr. E. L. Tuohy (15) 
makes the following comment: 


The newer studies in terms of the mild and severe allergic reactions within the 
lung parenchyma deserve continued intense evaluation. We accept without 
reservation an acute dermal response such as urticaria or angio-neurotic edema. 
Yet the lung alveoli all combined have an area 90 square yards in extent in 
comparison to one square yard of skin. The lung is primarily a vascular organ. 
Assmann foci so called (subclavicular responses) and epituberculous zones or 
lesions indicate the subtlety of what we term immunity and the possible danger 
of excess reactions. 


Better indications of the ultimate effects of hospital residence are 
found in the state of health of those who have worked there after a period 
of years. The experience of sanatorium personnel seems to belie any ex- 
treme hazard in the care of tuberculosis patients under suitable precau- 
tions. Nevertheless nurses and internes in hospital wards should be 
carefully watched. X-rays of their chests should be taken at intervals 
and their general reaction to their environment noted. The factors in- 
volving possible breakdown, for which they themselves are responsible, 
should be called to their attention and opportunities for rest and relaxa- 
tion should be provided. Under correct management and improved tech- 
nique no serious results need be anticipated. 


EXPERIENCES IN DULUTH 


Duluth, a city of about 102,000 people, has two large general hospitals, 
St. Mary’s with a capacity of 290 patients and St. Luke’s with a capacity 
of 270 patients. The former is conducted by the Sisters of St. Benedict 
and the latter by St. Luke’s Hospital Association, which has a large 
popular membership. Nopeming Sanatorium, with a capacity of 230 
patients, conducted by St. Louis County, Minnesota, is twelve miles dis- 
tant on a paved highway. 

Until 1924 no special provision was made for tuberculosis patients in 
either hospital except when patients who required isolation unexpectedly 
appeared in the various services. Now each hospital has a special divi- 
sion on a separate floor and some of the best rooms have been definitely 
set aside for such patients. Any member of the hospital medical staff 
may treat a tuberculosis patient in this division, but the majority of the 
patients, including all free patients, are under the care of the Nopeming 
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Sanatorium staff. The total capacity of the tuberculosis division, about 
equally divided between the two hospitals, is 50 beds. 

Formerly there was no way to secure an admission of a patient with- 
out resources to the hospital as a county charge except through the Poor 
Commission, whose limited medical staff was already overworked. We 
knew that it was legal for our Sanatorium Commission to arrange for 
the care of patients on the waiting-list in other sanatoria throughout the 
State. Indeed we had been directed to do so in certain cases by the 
State Department of Health. Later, in 1924, sanatorium superintend- 
ents were authorized by law to secure needed medical assistance in con- 
ditions other than tuberculosis. Finally, in 1924, Sister Olivia, who was 
then Superintendent of St. Mary’s Hospital, was persuaded to reserve 
two bright sunny rooms for tuberculous patients whose expenses were to 
be paid for through the Sanatorium Fund. Sister Patricia, her successor, 
cordially codperated with us in the further development of the tubercu- 
losis division, and soon the entire fifth floor in the latest addition to the 
hospital became available for such patients. The Sanatorium Com- 
mission had come to the conclusion that it had authority to pay the bills 
directly without recourse to the Poor Commission. Our attorney made 
no objection and later the legislature definitely authorized the procedure. 
In the meantime the tuberculosis clinic conducted by the Santorium at 
the Court House was transferred to the hospital’s newly organized out- 
patient department. At the Court House the lack of conveniently located 
X-ray facilities was becoming a serious handicap in the work. 

Early in 1924 St. Luke’s Hospital was greatly enlarged, and an out- 
patient department opened on the first floor of its original building. One 
of the two weekly sessions of the tuberculosis clinics was held there, and 
the entire fourth floor of the same building was remodelled and opened in 
December, 1924, for the care of tuberculosis patients. Dr. A. J. McCrea, 
who was then Superintendent of the hospital, helped in every way pos- 
sible to give the project a good start, and his successor, Mr. James 
McNee, has shown a disposition to codperate at every stage of its de- 
velopment. 

The expected protests from patients admitted for other diseases never 
materialized in either hospital, and I believe the more intelligent clients 
of the institution were relieved to know that there was a special place 
where tuberculosis patients were treated and to which they were trans- 
ferred as soon as their presence in the hospital was known. 

One of the reasons the Sanatorium. Commission at first hesitated to 
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pay full maintenance rates for tuberculosis patients in the hospitals was 
that for each free patient at the sanatorium the State Board of Control, 
under whose general supervision all county sanatoria in Minnesota 
operate, allows the County five dollars a week from the State, and this 
subsidy was not received for those treated in the Duluth hospitals. After 
observation of the work done there by the Board’s representative, it was 
decided that the five dollars a week would be allowed for the hospital 
patients also and this has been paid since January 1, 1930. 

The total cost for the maintenance of patients in the Duluth hospitals 
during 1930 was $53,207.41. The amount received by the County from 
the State toward the maintenance of these patients was $9,712.55. The 
gross daily per capita cost was $3.31. The net daily per capita cost to 
St. Louis County was $2.71. The daily average number of Nopeming 
patients in St. Mary’s Hospital was twenty-two and at St. Luke’s also 
twenty-two. 

All of the St. Louis County patients without resources to meet their 
hospital bills are under the medical supervision of the Nopeming Sana- 
torium staff. One of us (Dr. Mayne) sees every Nopeming patient in 
each hospital daily, and the other (Dr. Laird) at least once a week. Dr. 
Mayne visits the sanatorium once a week for conference with the resident 
staff there. 

The tuberculosis divisions are open to all reputable physicians for the 
care of private patients. If these patients are later transferred to sana- 
torium supervision in order to save expense, their physicians are asked 
to continue to see them, if they care to, in association with the sanato- 
rium staff. Private patients able to pay their hospital bill may be placed 
under sanatorium supervision if their physicians so desire. 

There being no County staff of the specialists, we have felt free to ask 
for assistance from the leading specialists in Duluth for our patients. 
We have had no way of recompensing them for this work except the ex- 
perience gained from studying interesting cases. Doubtless some plan 
should be worked out by which there would be other and more tangible 
reward, but we have not had the funds to provide this nor have the hos- 
pitals. It is obviously very much simpler to secure this help from spe- 
cialists in hospitals where they are caring for other free patients daily 
than it would be to induce them to come out to the sanatorium to see 
our patients. Formerly the sanatorium staff was quite isolated and saw 
comparatively little of the physicians in Duluth or St. Louis County. 
The Superintendent was more in touch with them and was a member of 
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the County Medical Society, but the junior members were not always 
especially concerned in local medical problems. Now each member of 
the staff is at one of the hospitals once a week to attend clinic or complete 
records. All are invited to the monthly staff meetings. Usually all but 
one attend the Friday morning pathological conference and demonstra- 
tion conducted by the President of the Sanatorium Commission, Dr. E. 
L. Tuohy, and the pathologist of St. Mary’s Hospital, Dr. George Berdez, 
who regularly attends the Nopeming staff meetings held on Tuesday 
evenings and who is the sanatorium pathologist. The roentgenologists 
of St. Luke’s and St. Mary’s Hospitals, Dr. Gage Clement.and Dr. J. R. 
McNutt, read all the X-rays taken in the tuberculosis clinics. On the 
fourth Tuesday of the month the X-ray men attend a staff meeting at 
Nopeming Sanatorium. A reasonable proportion of the cases presented 
at the hospital staff meetings and the meetings of the County Medical 
Society are from the tuberculosis divisions and from some of the patho- 
logical material presented at the Friday morning conference. Twenty- 
four autopsies on tuberculosis patients were performed in 1930 from the 
tuberculosis divisions and from Nopeming Sanatorium. 

With the assistance of the County Public Health Association, the 
Christmas Seal organization, it has been possible to secure the presence of 
well-known tuberculosis men to address the medical profession in the 
programs of various regular or special meetings. Among the speakers on 
such occasions have been Allen K. Krause, J. A. Myers, E. A. Meyerd- 
ing, F. A. Harrington, Ralph J. Kinsella, L. E. Daugherty, Chas K. 
Petter, Philip P. Jacobs and others. 

Informal conferences in the doctors’ coat-rooms and consultations in 
the corridors with reference to tuberculosis patients are common enough. 
The hospital X-ray room is perhaps the most popular place for these dis- 
cussions, and again and again the sanatorium men are put on their mettle 
to defend a tenet. THE AMERICAN REVIEW OF TUBERCULOSIS is now in 
the hospital library and many articles on the subject appear in the other 
journals, so it behooves us all to keep up with the literature as far as 
possible. 

Nearly every young practitioner in Duluth has been an interne in one 
of our hospitals and most of them have spent at least a few weeks at 
Nopeming or Glen Lake. Some have been members of a sanatorium 
staff. One or two devote a considerable portion of their time to private 
practice in tuberculosis. According to our view every practitioner 
should be able to diagnose and treat the disease intelligently. 
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In the past there has been exaggerated respect on the part of the general 

practitioner for tuberculosis ‘‘specialists,’’ whose main qualifications have 
been residence in a sanatorium and such experience as was acquired in the 
routine supervision of invalids. The day is past when elderly practi- 
tioners without other special preparation or training can be considered 
eligible for sanatorium responsibilities simply on account of their desire 
to get into institutional work. The tuberculosis man must understand 
his specialty and defend his opinions as efficiently as any other worker in 
a special line. 

The nurses in the Duluth hospitals have lectures on tuberculosis and 
special instruction given by the supervisor in charge on the floor. They 
assist in giving of pneumothorax and help in the postoperative care of 
thoracoplasty and phrenicectomy cases. Dr. Lawrason Brown’s Rules for 
Recovery and the Journal of the Outdoor Life circulate in both hospitals. 

More than usual care to prevent infection is taken, since the tubercu- 
losis divisions in both hospitals are regarded as providing certain facili- 
ties for instruction in communicable-disease technique. During part of 
their work, when in close contact with patients, the nurses wear masks. 
Gowns are also employed. The other precautions observed are valuable 
in the handling of various respiratory diseases. Stereoscopic X-ray films 
are taken of each nurse’s chest on admission to the training school. In 
St. Luke’s Hospital intracutaneous tuberculin tests with one milligram 
O. T. have been made on the nurses in various classes. 


POSITIVE 
REACTION 


NUMBER 
TESTED 


QUESTION- 
ABLE 


NEGATIVE 


Probationers after 1 month. .................. 21 7 14 
Six-month probationers..................000. 14 6 3 5 


7 


107 


It will be noted that a higher percentage of positive reactions was secured in nurses who 
had been in the hospital a considerable time than in probationers. 


The real test of the safety of employing nurses to care for tuberculosis 
patients is, it seems to me, the subsequent history of those who have done 
such work. 

During the six years from January 1, 1925, to December 31, 1930, 
407 nurses have been in training in St. Luke’s hospital. Six of these have 
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broken down with tuberculosis (two of them had never worked in the 
tuberculosis division). Five were unable to complete training; one after 
a period of treatment resumed her studies and will soon graduate; one 
died; six who were off duty for a short time as suspects and four whose 
X-rays showed suspicious areas are now in good health. In short, 1.5 per 
cent of the nurses in training at this hospital during the past six years 
have developed definite tuberculosis. In St. Mary’s Hospital there 
have been still fewer, though practically the same technique is observed 
in each hospital. 

According to Geer, the incidence of tuberculous disease among nurses 
has not been clearly established. “Britton and Bollman in 1925 stated 
that 2.2 per cent of all nurses employed in Chicago had tuberculosis.” 
Heimbeck found 12 per cent of student nurses over a period of four years 
developing the disease. Shipman and Davis found that 2.6 per cent of 
nurses in the University of California Hospital Training School developed 
tuberculosis over a period of six years. Much in the Eppendorfer 
Hospital (Hamburg) found that the percentage incidence up to 1918 
was 1, and that after the war it rose to 4.6. Against these figures we 
have the statement of Whitney that ‘‘in the general population even with 
the very high death rate among young women from tuberculosis only 
about 1 per cent of them may be expected to develop tuberculosis.”’ 

Ross has stated that in Manitoba 6 per cent of nurses entering upon 
training courses in general hospitals may be expected to develop tubercu- 
losis during training or soon afterward. He adds that the unfavorable 
conditions existing in the hospitals are the early age at which nurses 
enter upon training, the hard work and worries, the increased emotional 
and physical strain, as well as the fact that many had not been in contact 
with the disease before. An unfavorable condition in all general hos- 
pitals is the presence of patients with unrecognized disease. Ross ad- 
vocated thorough histories and complete physical examinations of all 
patients entering general hospitals and Geer (12) suggests X-ray chest 
examinations of all as a measure of protection to nurses. These precau- 
tions, together with the isolation and hygienic care of tuberculosis pa- 
tients in separate divisions and measures to insure the best possible de- 
gree of resistance to all disease on the part of nurses, through sensible 
regulation of their daily program of work and recreation, will greatly 
lessen the amount of infection to be expected. 

Over a thousand patients have been admitted to the tuberculosis de- 
partments in the two Duluth hospitals during the past six years. 
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Let us review very briefly the activities of a single year from the 
standpoint of services rendered to patients. 

Of 273 patients discharged in 1930, 133 were men, 124 women and 16 
children. The average length of their stay in the hospital was eight 
weeks. Practically all patients now admitted to Nopeming Sanatorium 
have first been at one of the hospitals. One hundred and eighty-six of 
those admitted to the hospitals in 1930 were definitely sanatorium wait- 
ing-list patients. Of the others, 70 were transferred to the hospital for 
special care or surgical treatment. Thoracoplasty was performed on five 
of these patients and phrenic neurectomy on twelve. Nine of the pa- 
tients sent to the hospitals from the sanatorium were operated upon for 
appendicitis and two for other abdominal conditions. The orthopaedists 
were consulted in 8 cases and casts were applied or operative procedures 
were carried out. One Albee operation was done. The eye, ear, nose 
and throat men examined larynges and sinuses. One case of tuberculosis 
of the eye was under treatment. Tonsils were removed when indicated 
and glasses were prescribed. 

The gastroenterologists made many careful X-ray and chemical stud- 
ies of digestive functions and directed the treatment of digestive disturb- 
ances. The specialists in mental and nervous diseases were consulted 
frequently as were the gynaecologists and the internists. The roentgenol- 
ogists at both hospitals and the pathologists were called on many times. 
Serial X-ray plates of the chest were taken. Blood counts and bacterio- 
logical tests were employed frequently. Blood-sugar and other chemical 
tests were made. The hospital resources for treatment were also freely 
drawn upon. Facilities for performing operative measures and pneu- 
mothorax and for giving X-ray therapy, occupational therapy, helio- 
therapy, physical therapy, diabetic regimen with insulin, the various 
orthopaedic appliances and the oxygen test were always available. The 
sanatorium would have provided only a few of these facilities. 

In the tuberculosis out-patient clinics of the two hospitals, a total of 
399 new cases were enrolled during the year. Old patients swelled the 
number of visits to 1036. Many who come are contacts brought by 
visiting nurses. Others are former sanatorium patients who report for 
conference and examination. In all, 475 X-ray plates were taken during 
the year. 

The University Hospital and two private hospitals in Minneapolis 
have now made definite provision for tuberculosis patients. Other cities 
are constantly being added to those who are adopting the practice. 
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In conclusion, the practicability of caring for tuberculosis patients in 
general hospitals is no longer a theoretical proposition but has been 
proved feasible in many localities. Sanatoria cannot now treat their 
patients properly without general-hospital facilities. Only the larger 
ones can hope to provide such facilities themselves. The others should 
become affiliated with Class-A hospitals approved by the American 


College of Surgeons. 
As in the case of other communicable diseases, the hospital should take 


all reasonable precautions to protect its personnel, but tuberculosis pa- 
tients should not be deprived of modern treatment on account of un- 
warranted fear of the disease. The benefits to be secured by physicians, 
nurses and the community generally, by their admission to properly con- 
ducted hospitals, are many and demonstrable. 
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THE INCIDENCE OF TUBERCULOUS INFECTION AMONG 
STUDENTS OF A HIGH-SCHOOL 


EDITH S. HEWITT anv ROLLIN E. CUTTS! 


For a number of years attempts have been made to control tubercu- 
losis and to prevent its spread in Rochester, Minnesota. In order to 
obtain a definite idea of the status of tuberculosis in the community, 
a special study of all high-school students has been carried out. This 
group comprises representatives from the majority of the families living 
in the community, and gives a good cross-section of the community as a 
whole. 

Intracutaneous tuberculin tests (Mantoux) were carried out, and stereo- 
scopic roentgenograms were made of the thorax of all except two students 
who reacted positively. Old Tuberculin was employed in a strength of 
one two-hundredth of a milligram (0.005 mgm.) in each 0.1 cc. of phy- 
siological solution of sodium chloride. The dilutions were made up 
frequently and were kept on ice until they were used. A control test 
was also made in each instance, using 0.1 cc. of the same salt solution 
that was used to dilute the Old Tuberculin. The tests were read at the 
end of forty-eight hours and were graded according to the severity of the 
reaction. If the area of redness, and particularly of oedema, about the 
point of injection of the tuberculin, was larger than that of the control, 
but less than 5 mm. in diameter, the reaction was graded /; if the area 
of redness and oedema was between 5 and 10 mm. in diameter the reac- 
tion was graded 2; and in any instances in which the diameter of the area 
of reaction was greater than 10 mm. the result was graded 3. The 
thoracic roentgenograms were read by the roentgenologists of The 
Mayo Clinic. 

Through the codperation of the staff of the school it was possible to 
give the test to 1,328 (84.2 per cent) of all the students. The results 
are given in table 1. The severity of the positive reactions varied con- 
siderably. In 103 instances (66.8 per cent) severity was graded /; in 
37 instances (24 per cent) it was graded 2; and in 14 instances (9 per cent) 
it was graded 3. Whereas the majority of the reactions were of mod- 


1 Fellows in Pediatrics, The Mayo Foundation, Rochester, Minnesota. 
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erate degree, 9 per cent were of grade 3, which indicates maximal severity. 
However, sloughing did not occur in any instance, nor was any test 
accompanied by constitutional symptoms. There was no reaction about 
the point of injection of the control solution in any instance. 

Positive tests were obtained in 11.4 per cent of the boys, and in 11.7 
per cent of the girls. 

Although the group was made up entirely of high-school students, the 
spread of their ages was nine years, from eleven through nineteen years. 
Age apparently had a decided influence on the proportion of positive 
reactions obtained. Of students who were eleven years of age, 3.7 per 
cent gave positive reactions, whereas of those who were nineteen years 
of age 20 per cent reacted positively. The increase was fairly uniform 
at all ages except at that of sixteen years, as is shown in figure 1. 


TABLE 1 
Summary of results 


TUBERCULIN TESTS ROENTGENOGRAMS 


STUDENTS Given Positive Positive 


Num-| Per | Num-} Per - Num-| Per 
ber cent | ber cent ber cent 


Entire student body 1,328) 84.2) 154 | 11.5 
Submitted to intensive study. ... 54 54/100.0} 24 | 44.4 ; 7 | 14.8 
Known to have been exposed 
(part of group of 54) 34 34/100.0) 21 | 61.8 : 3 | 8.9 
Gave physical signs that aroused 
suspicion (part of the group of 


20 20|100.0 15.0 20.0 


The results of roentgenographic examination were positive in 23 of 
the 152 instances in which roentgenograms were made. In all of these 
the pathological changes found were slight. In one case there was a 
healed lesion in the upper lobe of the right lung, in two cases there were 
pleural adhesions at the base of the right thoracic cavity, and in one 
case there was scoliosis. In each of 13 cases a primary tubercle (figure 2) 
was present and was accompanied by calcified lymph nodes at the 
hilum. Calcified nodes only were present in 6 cases. 

No attempt will be made to review the voluminous literature on this 
subject. Only a few related reports will be cited. 

In Vienna, Pirquet found that 80 per cent of the children between the 
ages of ane and fourteen years, that came to the children’s clinic, gave 
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positive reactions to the Pirquet tuberculin test. At the age of fourteen 
years, the percentage of positive reactions was 92. Hamburger, also 
working in Vienna, found that 95 per cent of the children in the hospital 


1 1 15 4 #15 16 16 «19 


Fic. 1. INFLUENCE OF AGE ON THE PERCENTAGE OF POSITIVE REACTIONS TO THE TUBERCULIN 


Fic. 2. Tort LATERAL ONE OF THE TWO OPAQUE MASSES IN THE RIGHT SIDE OF THE THORAX 
Is A Primary TUBERCLE; THE MeprIAL Mass 1s COMPOSED OF CALCIFIED HILAR NODES 


for contagious diseases reacted positively to the subcutaneous tuberculin 
test. 
In this country one of the highest percentages of positive reactions 
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was obtained by Opie, Landis, McPhedran and Hetherington in Phila- 
delphia. They found that 73.5 per cent of 4,107 school-children, from 
six to seventeen years of age, who were given the intracutaneous tuber- 
culin test, reacted positively, and that at the age of thirteen years the 
percentage of positive reactions was 80. Myers and Harrington, in 
Minneapolis, tested 2,188 school-children, from six to fifteen years of age, 
with the intracutaneous tuberculin test, and found that the general 
average of positive reactions was 47.3 per cent. At the age of fifteen 
years the percentage of positive reactions was 51.08. In Massachusetts, 
Chadwick found that when 100,000 school-children, including all ages, 
were tested, 28 per cent reacted positively. At the age of fifteen years, 
35 per cent reacted positively. Dickey and Seitz gave the intracutane- 
ous tuberculin test to 3,500 children, from the ages of one to fourteen 
years, at the Children’s Clinic of the Stanford University Medical School, 
San Francisco, and found that the general average of positive reactions 
was 23.5 per cent; at the age of fourteen years the percentage of positive 
reactions was 38. Veeder and Johnston gave the Pirquet test to 1,321 
children from six months to fourteen years of age, in hospital wards in 
St. Louis, and found that 22.5 per cent reacted positively. At the age 
of fourteen years the percentage of positive reactions was 38. Smith 
gave the intracutaneous tuberculin test to 7,668 children from six months 
to sixteen years of age, in the wards at Bellevue Hospital, New York. 
He found positive reactions in 16.7 per cent in general, and at the age of 
fourteen years in 43 per cent. Frost gave the Pirquet test to 482 school- 
children from five to twenty years of age, who lived in the vicinity of 
Wabasha, Minnesota. He found that 22.4 per cent reacted positively. 
At the age of thirteen years, 41 per cent reacted positively. Vories 
found that in 1,000 children, aged six months to fifteen years, who came 
to The Mayo Clinic from different rural parts of the United States, 16.9 
per cent gave positive reactions to the Pirquet test. There was not a 
steady increase with age, although at the age of fifteen years a positive 
reaction was obtained in 43 per cent. Taylor gave the intracutaneous 
test to 1,356 children from six months to sixteen years of age, in the 
children’s hospital at Iowa City. These children were largely drawn 
from the rural surroundings of that city. She found that 16.5 per cent 
gave positive reactions, and, at the age of sixteen years, 31.4 per cent 
reacted positively. Slater gave the Pirquet test to 1,654 school-children 
from six to sixteen years of age in a wealthy farming district of Minnesota. 
He found that 10 per cent reacted positively. There was not a definite 
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increase of positive reactions with age, although at the age of fourteen 
years 13 per cent were positive. Mattill and Fenger gave the Pirquet test 
to 3,011 school-children from six to sixteen years of age in the rural part 
of Hennepin County, Minnesota. They found that 10 per cent reacted 
positively. There was not a steady increase with age, although 24 per 
cent reacted positively at the age of eighteen years. 

Baker gave the intracutaneous test to 1,136 rural school-children from 
six to seventeen years of age in Alberta. He found positive reactions in 
13.7 per cent, and, among those who were thirteen to seventeen years of 
age, in 22.8 per cent. Ferguson in Saskatchewan found that 56.6 per 
cent of 1,346 school-children from six to fourteen years of age who were 
tested reacted positively to the tuberculin test; at fourteen years of age, 
the proportion was 60.9 per cent. 

From this partial review of the literature it can be seen that the 
incidence of positive reactions to the tuberculin test varies greatly under 
different conditions. It is usually higher among persons who live in 
cities than among those who live in rural communities; and it is also 
usually higher among older children. 

In comparison with these percentages, determined by other workers, 
the proportion of positive reactions found in the present study is low. 
The students of the group studied here all had passed their eleventh 
birthday; therefore, the percentage of positive reactions is more nearly 
comparable to that which others have obtained for older children in their 
groups than to the groups as a whole. The 11.5 per cent of positive 
reactions obtained in this study is lower than any percentage we found in 
the literature as having been recorded for a comparable age-group. The 
results of other workers, in which the figures approach ours, have also 
been obtained among children of rural communities. Of these, Mattill 
and Fenger, and Slater were studying groups in Minnesota. It would 
seem that the incidence of tuberculous infection -is low in rural parts of 
this state. In addition, facilities and personnel to carry out a health 
program in Rochester are more complete than is usually found in a city 
of its size. Particular concentration on the problem of tuberculosis is 
given by the county nurse and by the specialist from the county tuber- 
culosis sanatorium, who holds chest clinics once a month. How far 
all of these factors have affected the group studied is difficult to 
say. 

In any community many of the sources of tuberculous infection will 
not be discovered. A study such as this one indicates additional families 


iyi 
~ 
‘ 
ist 
4 
44 
it 


530 EDITH S. HEWITT AND ROLLIN E. CUTTS 


in which there may be sources of infection, and this materially assists in 
preventive work. 

A more intensive study was made of a small group of the students. 
These students were selected either because it was known that they had 
been in contact, in their homes, with a patient who had open tuber- 
culosis, or because some sign that aroused suspicion of tuberculosis was 
found when they underwent physical examination. There were 54 
students in this group. Thirty-four of them were known to have had 
definite contact with a patient who had open tuberculosis. The other 
20 gave physical signs that aroused suspicion that they themselves had 
the disease. Because of the small number of students in this subgroup, 
it was possible, if the cutaneous reaction was negative to Old Tuberculin, 
in a strength of 0.005 mgm. in 0.1 cc. of physiological solution of sodium 
chloride, to subject them to tests with strengths of 0.05 mgm. of Old 
Tuberculin in 0.1 cc. of physiological solution of sodium chloride. A 
third test was given to those who still did not give a positive reaction. 
This was performed with 1 mgm. of Old Tuberculin in 0.1 cc. of the 
diluting salt solution. Roentgenograms were taken of forty-seven 
of the students of the group, regardless of whether or not the cutaneous 
reaction was positive. 

The Mantoux test was positive in 24 instances. Twenty-one (61.8 
per cent) of the 34 persons that were known to have been exposed to 
tuberculosis were in this group, and three of them had suspicious symp- 
toms on clinical observation. 

The roentgenograms of the thorax gave possible signs of tuberculosis 
in 7 cases. In two of these there were positive tuberculin tests and 
positive histories of contact. In one case there was a positive roentgeno- 
gram and a positive history, but the tuberculin test was negative. In 
the other 4 cases there were neither positive skin tests nor positive his- 
tories of contact, and the roentgenological features were such that it 
seemed likely that the symptoms were from some infection other than 
tuberculosis. 

The expectation would be that among persons who have lived in a 
tuberculous environment, and who have been exposed to an open case 
of tuberculosis, there would be a higher incidence of positive tuberculin 
tests than 61.8 per cent. Chadwick stated: “My opinion is that when 
there is definite contact with pulmonary tuberculosis children are almost 
always infected.” However, other workers have obtained results similar 
to those obtained in the present study. Slater, Green, and Vories re- 
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ported, respectively, positive tuberculin tests in 81 per cent, 64 per cent, 
and 58.8 per cent of cases in which there had been exposure to tuberculosis. 


SUMMARY AND CONCLUSIONS 


Of 1,328 high school students, 11.5 per cent gave positive reactions to 
the Mantoux test. Of 34 students definitely known to have been ex- 
posed to open tuberculosis, 61.8 per cent gave positive reactions to the 
tuberculin test. 

Lesions disclosed roentgenologically were few in number and not 
extensive. In the general group, 15.1 per cent of those who gave positive 
cutaneous tests also gave roentgenological evidence of some abnormality 
which might be attributed to tuberculous infection. Primary tubercles 
were present in 13 cases. Of those who had been in contact with patients 
who had tuberculosis, 8.9 per cent gave roentgenological evidence of 
lesions attributable to tuberculous infection. No case of active or 
extensive latent tuberculosis was found. However, evidence of tuber- 
culous infection was disclosed. That its most serious menace is to those 
who live in homes where infection is present is shown by the much greater 
percentage of positive Mantoux tests among students from such homes 
as compared with the lower percentage of positive tests found in the 
group as a whole. 
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BLOOD-SEDIMENTATION TESTS, MODIFIED ARNETH 
METHOD AND SCHILLING COUNT?? 


A Comparison of Their Diagnostic and Prognostic Significance 


H. I. SPECTOR ann R. O. MUETHER 


An outstanding problem in tuberculosis which still remains unsolved 
is that of differentiating latent infection from manifest disease. While 
it is true that many diagnostic refinements have been introduced for 
this purpose, such as the various tuberculin tests, the complement-fixa- 
tion test, the Vernes flocculation test (1), the Matefy reaction (2), the 
Daranyi reaction (3), and numerous less important ones, none of these 
has proved popular. The various differential blood tests introduced, 
such as the Arneth method (4), the Schilling count (5), the Medlar sys- 
tem (6), have not yet received the attention by the profession which they 
merit. 


It was with the hope that the various sedimentation tests which have 
been introduced might prove to be practical procedures for differentiat- 
ing active from inactive disease, that we were tempted to investigate 
their diagnostic possibilities in this direction. 


HISTORY 


In view of the fact that numerous modifications have served to cloud 
the minds of many to a point where considerable confusion exists, a brief 
review of the development of sedimentation tests is almost a necessity. 

The phenomenon of blood sedimentation was first observed by Galen 
(7), and later studied by Hewson in 1771 and Hunter in 1794 (8), and is 
known in the literature of the 17th, 18th and 19th centuries under many 
names, such as crusta inflammatoria, phlogistica, pleuritica, and buffy coat. 
It was the general belief of the clinical leaders of that time that the com- 
mon cause of all febrile diseases was an inflammation of the blood. The 
principal reason for this idea was the observation that blood drawn from 
most diseased persons was found covered with a fibrinous layer. It was 


1 From the Department of Internal Medicine (Chest Division), St. Louis University, St. 


Louis, Missouri. 
2 Read before the Trudeau Club of St. Louis, Missouri, April 2, 1931. 
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| for this same reason that venesection was the supreme method of treat- 
ment at that time. By the end of the 19th century, the existence of the 
| crusta inflammatoria was completely forgotten, and remained so until 
the accidental rediscovery of this phenomenon by Fahraeus (7) in 1918, 
while observing the increased sedimentation velocity of the red corpuscles 
during pregnancy. 


THEORIES 


The principle of blood sedimentation is based on the fact that when 
blood is rendered incoaguable, the red cells will settle in normal indi- 
viduals with a speed that is generally constant. After a certain time, 


Fic. 1. SHows VARIATIONS IN THE SINKING VELOCITY OF THE ERYTHROCYTES IN Four 
DIFFERENT PATHOLOGICAL CONDITIONS 


one can observe an upper layer of plasma, separated rather clearly from 
the red lower layer which contains all the erythrocytes which have de- 
scended toward the bottom (figure 1). Values from 3 to 5 mm. for the 
first hour in men, and from 6 to 8 mm. in women are generally considered 
normal. The sinking velocity of the erythrocytes is increased physiologi- 
cally in the newborn, the aged, and in women, especially during menstrua- 
tion, and during the latter part of pregnancy. According to Linzenmeier 
(9) and Rodecourt, tilting of the tube with the blood accelerates sedimen- 
tation, the degree of acceleration depending upon the increase of the 
angle at which the tube is tilted. In pathological conditions, the rate of 
sedimentation is increased and is in direct proportion to the severity of 
the disease. 
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BLOOD-SEDIMENTATION TESTS, ETC. 


The sedimentation phenomenon is not specific for any disease. It is 
regarded by many observers as a measure of pathological activity and 
as a symptom as important as fever or leucocytosis. In a general way 
it mirrors the amount of cellular destruction going on in the body. 

The sedimentation reaction has been studied in every branch of medi- 
cine, but especially in tuberculosis (10). The rate is usually increased in 
inflammations and infections (11). Jaundice, cirrhosis, cardiac stasis, 
and gallstones may cause retardation. The rate may be normal in gas- 
tric ulcer, cardiovascular disease, lesions of the kidney, and exophthalmic 
goitre. The rate is increased in senile dementia, neurosyphilis and gen- 
eral paralysis. There is no change in neurasthenia, hysteria, and manic 
depressive insanity. Anaemia accelerates the sedimentation rate. 

The mechanism of blood sedimentation is generally believed to be due 
to an increase in the fibrinogen content of the blood plasma and to 
changes in the number and size of the erythrocytes (7) (8). As early 
as 1845 Andral (8) came to the conclusion that a crusta on the blood ap- 
peared only when the fibrin percentage of the blood was increased or the 
number of the corpuscles was decreased. More recently it has been 
shown by numerous investigators (8) (12) that, in disease characterized 
by fast sedimentation, a definite increase in the fibrinogen content of the 
plasma can be found. This is believed to be due to the fact that the 
products of disintegrated tissue protein stimulate fibrinogen formation. 
It has also been found (12) that in tuberculosis the total amount of pro- 
tein may be normal or increased, and that the globulin may become ab- 
normally high while albumen may reach very low levels. 


METHODS (FIGURE 2) 


The Distance Method: First introduced by Fahraeus (7) in 1918 and 
modified by Westergren (13) in 1920, has met with favor. Its under- 
lying principle is noting the distance through which the red blood cells 
sediment in a fixed time, and recording the results in millimetres. Nor- 
mal readings at end of one hour are 1 to 3 mm. for men and 4 to 7 mm. 
for women. 

The Time Method: Introduced by Linzenmeier (14), is the direct op- 
posite of the distance method. In this method one fixes the distance and 
observes the time, recording the results in minutes. Two hours is the 
generally accepted lower level of normal readings. 

Many modifications of both time and distance methods have been in- 
troduced, but are not important. Fischel (15), Morriss (16), Rubin 
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(17), and others measure the distance as usual, but instead of recording 
the results in absolute figures, express them in percentages of the whole 
blood column. 

The Graphic Method: Introduced by Cutler (18), is a combination of 
the principal features of the distance and time methods. In this method 
the results are expressed graphically. Four distinct types of graphs are 
recognized with this method, depending upon the severity of the infec- 
tion; namely, the horizontal line which is normal, the diagonal line seen in 
mild infections, the diagonal curve in moderate infections, and the verti- 
cal curve in severe infections. 


ETHODS 
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As the study of sedimentation tests continued, the fact became appar- 
ent (8) (19) that anaemia affects the rate of sedimentation. Experi- 
mentally, Rubin and Smith (17) and Rourke and Plass (20) have shown 
that, by artificially decreasing the cell-volume, normally sedimenting 
blood could be made to settle more rapidly, and vice versa. Rourke and 
Plass have further shown that sodium citrate, used as an anticoagulant 
in the above methods, retards sedimentation. In view of these facts it 
is obvious that the Fahraeus-Westergren, the Linzenmeier, and the Cut- 
ler methods must at times be misleading, since they use sodium citrate 
as a coagulant, and they do not correct for anaemia. 
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Plass and Rourke (21) introduced a method primarily intended for cor- 
recting for anaemia. Heparin, 1.5 mgm. to 5 cc. of blood, is used as an 
anticoagulant, since it has been shown not to influence sedimentation. 
Tubes, 100 mm. in height, are used (figure 1). Blood is allowed to stand 
in the tubes for one hour and the result is read; the tubes are then cen- 
trifugated for 20 minutes and the height of the plasma column is read 
again. The latter reading gives directly the percentage of plasma in the 
specimen or the total possible settling in millimetres. By dividing the 
millimetres of clear plasma obtained after one hour of settling by the 
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millimetres of clear plasma after centrifugation, and multiplying by 100, 
one obtains directly the percentage of total forcible settling which has 
occurred in one hour. The authors’ average normal for women was 30.9 
and for men 11.4 per cent. Their normal plasma average was 56.5 per 
cent for women and 50.8 per cent for men. 

This method, however, corrects for anaemia roughly and only par- 
tially, for when anaemia exists in conjunction with an infection it is not 
satisfactory. For instance, in acute articular rheumatism, advanced 
pulmonary tuberculosis, typhoid fever, and erysipelas, the rate is in- 


ig 
i 
a 
64 
4g 
> 466 
=. q 
= 
40 
94 
TRIS SS SSS SSIS 
1.4 SSSA 2 
1.0 
ose 4 PSS 
04 
0.2 


538 H. I. SPECTOR AND R. O. MUETHER 


creased by both the infection and the coexistent anaemia, and in order 
to estimate the severity of the infection an accurate correction for the 
influence of the anaemia must first be made. Gram, and later Rourke 
and Ernstene (22), constructed a chart (figure 3), based on the results ob- 
tained by altering the cell-volume percentage of specimens of blood, by 
means of which an approximate correction could be made for variation 
in cell-volume percentage. Their normal limits of the “corrected sedi- 
mentation index” vary from 0.08 to 0.35 mm. per minute. 

The Rourke method is essentially like the Cutler method in the sense 
that it is a graph method, but differs from it in that heparin is used in- 
stead of sodium citrate. A tube, 100 mm. in height, is used instead of a 
50-mm. one, and only the period of most rapid settling is considered and 
the result recorded in millimetres per minute and then it is corrected for 
anaemia by haematocrit determination. 

In view of the fact that the Rourke method impressed us as being the 
most accurate and most sensitive of all methods, we decided to adopt it 
in our work despite the fact that it was more time-consuming. We were 
especially interested in knowing whether the sedimentation tests in 
general and the Rourke method in particular were more sensitive, in 
detecting early clinical as well as pathological activity, than the modified 
Arneth and the Schilling tests. For our purpose 146 individuals were 
studied, consisting of a control group of 25 healthy male medical students, 
a contact group of 7 cases, a tuberculous group of 58 cases, and a miscella- 
neous group of 56 cases comprising various diseases. All patients were 
secured from the chest and medical service of St. Mary’s Infirmary and 
Dispensary (a part of St. Louis University Group of Hospitals) except 
for a few cases from Mt. St. Rose Sanatorium. Of the 121 patients stud- 
ied, 71, or 59 per cent, were males, and 50, or 41 per cent, were females. 


METHOD OF PROCEDURE 


The usual Rourke technique was used for sedimentation tests, and the 
Wright stain was used for the differential blood counts. Blood was taken 
from the cubital vein, avoiding stasis when possible. We thought that 
our results would be more accurate if we worked independently; one of us 
did all of the sedimentation tests, and the other all of the modified Ar- 
neth and Schilling counts, using the technique described in a previous 
communication (24). Bloods of several patients were studied simultane- 
ously. When possible, only one of us studied the cases clinically, while 
the other obtained the blood from these patients, labelling each tube and 
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slide by number. The slides were then returned for a modified Arneth 
and Schilling count to the clinician, who was not unaware of the clinical 
condition of the patient whose blood he was examining. In this way our 
interpretation of the tests was not influenced by a conscious or uncon- 
scious knowledge of the clinical condition of the patient. When the 
normal bloods were studied, the slides were labelled and mixed with 
pathological blood. In this way we feel that our results were carefully 
safeguarded. 

As a result of our study of the bloods of normal individuals, we con- 
sidered the upper limit of normal as follows: Corrected sedimentation 
index 0.3 mm. per minute, Stab count 5, modified Arneth index 65. The 
Bushnell (23) modification of the Arneth count was used. Our results 


follow: 


TABLE 1 
Average of group 


COR- 
RECTED 
SEDIMEN-| STAB 

TATION 
INDEX 


ARNETH | NUMBER 
INDEX | OF CASES 


CELL- 
VOLUME 


PLASMA 


mm. per 
min. 


per cent | per cent 


Contact... 553 444 | 0.27 5 664 7 
Minimal tuberowlosifi: 54 46 0.5 6 683 | 14 
Moderately advanced tuberculosis. ..... 55 45 0.81 10 733 | 10 
Advanced tuberculosis...............- 58 42 1.07 14 80 34 


59 41 0.42 5 64 5 
Upper respiratory infection............ 534 463 | °0.45 5 69 6 
Acute gall-bladder disease............ 61 39 145 10 73 2 
pe 78 22 0.4 19 83 1 
63 37 1.0 3 65 1 
Lymphatic leukaemia...............-. 64 36 1.0 7 — 1 
Infectious mononucleosis.............. 47 6 
Mild hyperthyroidism................. 51 49 0.1 2 603 1 
52 48 0.8 — — 1 
52 48 0.2 3 69 1 

65 35 0.6 11 71 1 
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Table 1 is extremely interesting. As one studies the figures, beginning 
with the normal group, and glances toward the advanced tuberculous 
group, he notices, first, that the plasma percentage gradually increases 
while the cell-volume gradually decreases; second, that the corrected 
sedimentation index increases in a step-like manner so that the advanced 
group has the highest sedimentation index. He will also notice that the 
Stab count and Arneth index also increase, so that the highest numbers 
are found in the advanced group. 

Figure 4 shows the comparative sensitiveness of the sedimentation 
test, Schilling count, and modified Arneth count. The cases (except 
the normals) are arranged according to clinical activity so that the sickest 
patient is placed at the extreme right of the group and the healthiest at 
the extreme left. The last square in each group represents the average 
of that group. The Stab count and modified Arneth index are charted 


Fic. 4. THE Lower GRAPH REPRESENTS CORRECTED SEDIMENTATION INDEX; THE MIDDLE, 
THE SCHILLING STAB COUNT; AND THE UPPER, THE ARNETH INDEX 


above the corresponding sedimentation index of each patient. While 
only Stabs are charted, the interpretation was based on a study of the 
complete Schilling haemogram in each case. It will be noticed that a 
parallelism exists between corrected sedimentation index, the Schilling 
and the Arneth tests. It will also be noted that from the normal to 
advanced group there is a gradual rise in the curve. While there are 
some exceptions, generally, however, the sedimentation is more rapid, 
the Stab count and the modified Arneth index are greater in the moder- 
ately advanced group than in the minimal group, and are still more in- 
creased in the advanced group than in the moderately advanced group. 
It is also noticeable that the modified Arneth count is the most consist- 
ent of the three tests showing the least variation and, hence, is possibly 
the most sensitive of the tests, since it parallels clinical activity closest. 


{ 
wR 
| | 
‘ 


BLOOD-SEDIMENTATION TESTS, ETC. 541 


Figure 5 shows average sedimentation index, Stab count, and modified 
Arneth index in the different groups. This chart is interesting in the fact 
that it shows that the sinking velocity of the erythrocytes and the degree 
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of shifting to the left, as indicated by an increase in the Stab count and 
modified Arneth index, are directly proportional to the amount of in- 
volvement of the disease. 


TABLE 2 
Indicating comparative sensitiveness of tests in detecting clinical activity 


Total number of cases studied with sedimentation tests................--06- 


Total number of cases studied with modified Arneth and Schilling............ 118 

Number of cases with clinical disease studied with all tests................... 93 

Number of cases positive with all tests... 60 or 64% 

Number of cases positive with modified 88 or 94% 
Number of cases positive with corrected sedimentation index................. 85 or 91% 

Number of cases positive with Schilling 74 or 79% 


Table 2 reveals that the modified Arneth test is the most sensitive of 
the tests in detecting clinical activity. 

Figure 6 shows a Rourke and a Schilling curve side by side. The 
Cutler curve was obtained with the Cutler method, using the Cutler 
tubes and technique. This patient had a malignant hypertension, with 
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marked anaemia and a cell-volume of 28 per cent. The Schilling count, 
the modified Arneth index, the temperature, and corrected sedimentation 
index with the Rourke method were all within normal limits. No evi- 
dence of infection was noticed during the period of observation in the 
hospital from September 3, 1930, to March 21, 1931. Autopsy failed to 
show any evidence of infection. It is obvious that the Cutler curves 
in this case are misleading, since they are definitely those seen in at least 
mild infectious processes. This case points out the importance of cor- 
recting for anaemia. 
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Figure 7 shows that, as the disease retrogresses, the character of the 
curve changes from a vertical to a diagonal curve and finally to a horizon- 
tal line. It also shows that, as the prognosis becomes favorable, the 
sedimentation index gradually returns to normal limits. In this case 
the corrected sedimentation index was reduced from 1.3 mm. per minute 
during acute illness to 0.6 of a mm. per minute during convalescence. 


SUMMARY 


If one studies the tables and figures closely he will observe that the 
more severe the infection the greater is the sinking velocity of the 
erythrocytes. 
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As a disease retrogresses the corrected sedimentation index gradually 
returns to normal. Sedimentation tests are therefore not only of value 
diagnostically, but also prognostically. On the other hand, as has al- 
ready been pointed out by one of us (24), the modified Arneth and the 
Schilling count are also of great aid in prognosis. Asa disease progresses, 
there is a shift to the left with an increase of the younger cells; as the dis- 
ease retrogresses, there is a shift to the right. Generally there exists a 
close relationship in this regard between the Rourke method, the modified 
Arneth count, and the Schilling count. ‘ 

In this connection it might be mentioned that it has been observed by ch 
some investigators, and especially recently by Ernstene (25) and Weiss at 
(26) in studies on rheumatic fever, that the sedimentation does not re- 
turn to normal until several weeks after the disappearance of the symp- 
toms. We have noticed in a few of our cases that the modified Arneth i 
and Schilling tests show a shifting to the left before there is an increase , 
in the sedimentation rate. On the other hand, the sedimentation rate 
remains abnormal for some time after the modified Arneth and Schilling 
have returned to normal. 

An interesting observation is the fact that 5 cases of the moderately 
advanced group and 10 cases of the advanced group have all been dis- 
charged from institutions either as arrested or quiescent cases with sup- 
posedly normal temperatures. Yet, 14 of these cases showed an in- 
creased sedimentation index, 12 showed an infectious Arneth index, and 
10 an increase in Stab count with the Schilling method. This fact seems 
to point out the superiority of these tests as indicators of pathological and 
possibly clinical activity over some of our heretofore-used methods. 


CONCLUSIONS 


1. The Rourke method is the most accurate blood sedimentation 
method yet devised for studying clinical as well as pathological activity, 
and is superior to the thermometer or the total leucocyte count in this i 
regard. 4 
2. The Cutler method is a practical method if cell-volume is within 
normal limits. i 
3. The tests are not specific, as the sedimentation is rapid in other dis- i} 
eases, and do not give any information as to extent of disease, except 
perhaps in a general way. However, they are of great aid in prognosis, 
and, diagnostically, in the sense that they detect infection. 
4. The modified Arneth method is just as sensitive in detecting early 
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infection as any sedimentation test yet introduced. It is not as time- 
consuming as either the Rourke or the Cutler method. 

5. The Schilling method appears to be inferior to the Rourke sedimen- 
tation test and to the Arneth test. However, it throws more light on the 
question of resistance of patient. 

6. In conclusion, our results seem to suggest that a combination of the 
modified Arneth and the Schilling tests would give more information as 
to activity of the disease, prognosis, and resistance of the individual, than 
any of the sedimentation tests yet introduced. 


The writers wish to acknowledge their indebtedness to Drs. G. O. Broun and L. R. Jones 
for their valuable advice, and to the staff of Mt. St. Rose Sanatorium for their codperation. 
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STUDIES ON VITAL FUNCTION! 


X. THE INFLUENCE OF BRIEF PREVENTORIUM TREATMENT ON 
THE PRETUBERCULOUS CHILD 


ALLAN WINTER ROWE, MARY McMANUS anp DOROTHY E. GALLIVAN 


The study reported in this communication was initiated in the summer 
of 1928 at the suggestion of Dr. Hilbert F. Day, President of the Cam- 
bridge Tuberculosis Association.? 

For several years it has been the practice of this organization to estab- 
lish a temporary preventorium service, using the physical equipment of 
a private school on the outskirts of the city. Children, who have been 
found to suggest a pretuberculous condition in the examinations con- 
ducted through the winter by the organization, are referred here for a 
course of treatment during July and August. Here they live out of 
doors, are engaged in healthful recreational pursuits, and follow a care- 
fully designed and supervised diet. 

It is planned that each child shall have daily at least 1 quart of milk, 
1 cooked cereal, dark bread, fruit (usually two), 2 vegetables in addition 
to potatoes (usually one raw), meat once a day, and at least 4 eggs a 
week. 

The division was approximately as follows: Breakfast: Fruit, cereal, 
bread in some form and milk. Dinner: Meat, potatoes, 2 other vege- 
tables, dark bread, a simple dessert, milk. Supper: Soup or salad, a 
scalloped dish or cereal with fruit, milk. 

The average calculated energy intake on the basis of one serving was 
2,500 calories. Second servings were always allowed, and the under- 


1From The Evans Memorial, Massachusetts Memorial Hospitals, Boston, Massachu- 
setts. 

2 The authors take much pleasure in acknowledging their indebtedness to Dr. Day for his 
unfailing codperation, to Mrs. Mabel Greeley Smith, the Executive Secretary of the Associa- 
tion, for her ever-ready aid, to Miss Ethel L. Dill, R. N., the nurse in charge of the camp, 
and to Dr. W. B. Christie of our own staff, who participated in much of the work. Our 
grateful thanks are also due to Dr. Fredrika Moore of the Department of Public Health, 
through whose interest was secured the active codperation of the Department in certain 
phases of the study; lastly, to the little patients themselves for their personal contribution 
to the study. 
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weight children (all of the present group) had a midmorning lunch of 
crackers and milk. In practice, the figure given above can be taken as 
the minimum and it was usually exceeded. 

Initially, it was arranged that the following programme should be 
carried out at the beginning of the treatment period: 


Association physicians Evans Memorial 

Physical examination Twenty-four-hour urine 

Medical history Basal metabolism 

Chest examination Vital capacity 

X-ray of chest Alveolar carbon dioxide 

Pirquet test Blood morphology 
Blood chemistry 


Blood serology 
Galactose tolerance 
Audiogram 

Eye examination 


This general programme follows the lines of the diagnostic procedure 
already described in detail by the senior author (1). At the end of the 
Preventorium stay the entire programme was repeated with the excep- 
tion of the history, chest, X-ray and Pirquet test. 

The study was started with 24 children, but four of these left the 
camp for various reasons before the conclusion of the course. They are 
omitted from the subsequent discussion. 

In order to simplify and unify the work, the major items of equipment 
used in the laboratory study were transported to the camp and remained 
there during the course of the investigation. Three workers from the 
Evans staff (an interne and two assistants) reported daily at 7:30 a.m., 
and, when such tests had been completed as required personal contact 
with the subjects, all returned with the collected materials, which then 
were examined and analyzed in the Evans Memorial laboratories. Two 
children were studied completely each day (Sundays omitted), so that 
two weeks sufficed to complete the group. While this approach made it 
inevitable that some of the children had been under preventorium care 
for a certain period of time (nearly two weeks in the extreme case of the 
last pair), attempts to work with larger numbers would have entailed 
the use of a large group of workers and created a confusion that would 
have been subversive to the peaceful conduct of the camp routine. 
Further, as relative changes were the goal of the study, it was felt that the 
plan would minimize these and thus actual improvements, if noted, 
gain thereby an added significance. 
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As noted above, this report deals only with the 20 children who were 
completely studied. The age scatter is given in table 1. . 


TABLE 1 
Age, 1928 


Average age = 11 years. 


The detailed reports from the physical examinations and histories 
need not be considered here. A number of the children came from tuber- 
culous families, and one of them had a history of an earlier active process 
regarded as arrested at the time of study. They were all underweight 
(see table 3), some of them to a really significant degree. Nine of the 
group yielded chest findings suggesting tuberculous involvement. 
Through the courtesy of Dr. Henry W. Chadwick we have X-ray reports 
on these children showing five to be negative, two doubtful, and two with 
hilum tuberculosis. These two latter were subsequently confirmed and 
both placed in sanatoria for treatment. 

Turning now to the objective data, the various observations can be 
considered seriatim. The basic biometric magnitudes are collected in 
tabular form. 


TABLE 2 
Physical measurements, 1928 


DATUM JULY AUGUST DIFFERENCE REMARKS 


139.9 +0.8 | Max., +2.8 cm. 
73.2 +0.5 | Max., +1.8 cm. 
0.527 | +0.001 

57.7 60.2 +2.5 | Max., +6.0 cm. 
1,980 +130 | Max., +410 cc. 
28.1 30.6 | +2.5 | Max. +4.8 kg. 


YEARS NUMBER 
j 8 2 
10 6 

: 11 5 

12 6 

j 13 1 

20 


STUDIES ON VITAL FUNCTION. X 549 


The chief concern is with the differences as noted, and discussion may 
be confined to them. The average increase in height in the six weeks’ 
interval between measurements (v.s.) was 0.8 cm., although one child 
grew over an inch in this period. Far more significant is the increase in 
chest-girth, 2.5 cm. being the average, and 6.0 cm. the maximum. Lung 
volumes showed a steady improvement and, most strikingly, the average 
weight increment was 2.5 kg. with one child adding 4.8 kg., an increase 
of 19 per cent above the initial level. The camp records covered this 
particular datum for the entire span, and the results, as shown graphi- 
cally, record an even larger increment for the full eight weeks. 
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Grapu 1. AVERAGE WEIGHT INCREASE OF 20 CHILDREN UNDER PREVENTORIUM CARE OVER A 
OF ErcHt WEEKS 


While absolute values are basic data and so highly significant, differ- 
ences can frequently be shown most graphically by the relative figures 
arising from comparison with some accepted standard. Some years 
ago Dreyer (2) published a series of correlations based upon actual 
medsurements. We have made use of some of these, selecting only the 
predictions based upon sitting height (“trunk”). Dreyer’s other cor- 
relations lead to uncertain extrapolations, as the original data were 
derived from individuals of normal bodily configuration. West (3) 
had also established a series of prediction standards for normal lung- 
volume (‘‘vital capacity”) based upon standing height and upon area. 
We report the averages of the comparisons of our observations with the 
several criteria. These are collected in table 3. 
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TABLE 3 
Vital-capacity comparisons, 1928 


JULY AUGUST DIFFERENCE 


hi —3% +3% 
Weight ~30% ~27% 
4 number 0 1 
average +3% 


_ 20 19 
average —15% 


+1% 
—15% 
{ number 2 
average +1% 
{ number 18 
~ average —8% 
Net average —7% 


hi +10% 
Lung-volume ~37% 


4 
+ +3% 


number 20 16 
average —20% —18% 
Net average —20% —14% +6% 


None of the children showed overweight at the beginning, and in spite 
of notable weight increase (v.s.) only one was above prediction at the 
end of the period. Actually, however, there was a net increase in weight 
of 6 per cent for the group during the period of study above that con- 
ditioned by the increase in height. In like manner, the chest-girth 
shows a gain of 4 per cent. The lung-volume is a somewhat subjective 
datum, as it reflects unduly the degree of codperation of the patient. 
Initially, all of the children were below prediction; at the end, four of the 
group were above, and the net gain, which absorbs the higher prediction 
value deriving from increased height and weight, is 6 per cent. The 
showing here is a definitely favorable one, especially when the brief time 
is considered. 

The significant data from the urine examinations are given in the 
next table. 
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TABLE 4 
Urine measurements, 1928 


DATUM AUGUST 


Specific gravity 


Urea nitrogen (%) 

Uric-acid nitrogen (%) 

Ammonia nitrogen (%) 

Creatinin nitrogen (%)........ 

Residual nitrogen (%) 


The marked increase in the urine-volume derives in part from the 
daily quart of milk and in some measure from better personal hygiene of 
the individual subject. The value for total solids is calculated from the 
specific gravity by Haeser’s coefficient and must not be regarded as an 
absolute measurement. Relatively, it has significance as a sort of index 
and shows a much better nutritional level than did the figures in July. 
Three children showed a minimal trace of albumin in July; two of these 
were negative in August, but three new subjects showed very small 
amounts of albumin. Casts, initially present in two urines, were totally 
absent from the August collections. 

The total nitrogen values are interesting, as they indicate the level of 
protein catabolism. The average output in July signified a maintenance 
level; the much higher August figure bespeaks a reasonable liberality 
when one considers that the growing child is also storing protein. The 
diet was calculated to contain about 95 gm. of protein, representing in 
round numbers some 80 gm. of available protein. The nitrogen excretion 
in August corresponds to a direct utilization of about 56 gm. aside from 
any storage which was taking place. Too great weight cannot be laid 
upon the necessity of a liberal protein intake, not only for the growing 
child but for the adult as well. A discussion of this point cannot suitably 
find place in this paper. The interested reader is referred to the illu- 
minating investigations of the Carnegie Nutrition Laboratory (4). The 
nitrogen partition in both periods shows substantially normal formulae. 

The blood chemistry data are given in table 5. 
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TABLE 5 
Blood chemistry 


AUGUST 


DATUM 


DIFFERENCE 


Number above 


16 15 


Number above 


Residual nitrogen (mgm.).................000- 14.3 14.3 


—1 
—3 


—1 
—2 


—0.1 
—1 


+0 
+0 
+1 


The data here do not require detailed discussion. There is 


improvement in the number of children who showed initially abnormal 
values. It is further significant that the later lower nitrogen values 


are recorded during the period of increased protein catabolism. 


The blood serology will be discussed later in connection with other 


data bearing upon the same question. 


TABLE 6 
Blood morphology 


The blood morphology demonstrated certain significant features. 


a general 


JULY AUGUST 


DIFFERENCE 


Number below 4,500,000.................05- 4 2 


+1% 
—5 


+180,000 
—2 
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At the time of the July examination, half of the children showed low 
haemoglobin values, and some degree of secondary anaemia was mani- 
fest in the group either as a tendency or as an established fact. By 
August, only five had failed to show normal levels for haemoglobin, and 
the average erythrocyte count indicated a modest improvement. With 
the leucocyte picture, the results were not as favorable, one more child 
showing a slight leucocytosis in August than was recorded in July, while a 
slight leucopoenia had developed in one other child. The average 
differential counts were practically identical. Three had developed and 
one had persisted in a slight eosinophilia. All of the first three later 
developed demonstrable tuberculous processes. (v.i.). 

The respiratory metabolism next claims attention and the immediate 
data, together with those of codrdinated measurements, are collected in 
table 7. 

In reporting deviations of the basal rate from predicted normal stand- 
ards both the Harris-Benedict (5) and the Aub-DuBois (6) criteria 
are used. The figure reported is the mean of the two comparisons. 


TABLE 7 
Respiratory metabolism 


JULY AUGUST DIFFERENCE 


+14% 


hi 
Basal rate ~20% 


{ number 7 
average +5% 
13 
~ laverage —8% 
Net average —4% 


Blood-pressure: 
systolic* 103 
diastolic* 65 

No signifi- 

79 cant 

Respiration 18 change 

Temperature 98.9 

Alveolar CO, 35 


* By mercury column, wide cuff and auscultatory tambour. 


The so called basal metabolic rate is measured on subjects who pre- 
sumptively are in a postabsorptive state and likewise in a condition of 
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complete physical and nervous relaxation. The first of these conditions 
is easy to obtain; the second, one of the utmost difficulty. Failure to 
obtain it always yields values superior to the truth. All of these children 
were undernourished, a condition depressing oxygen consumption, and 
none of them presented any evidence of an endocrinopathy that could 
increase the oxygen consumption. They were young children drawn 
from homes which could not provide any marked degree of social condi- 
tioning, and, inevitably, the factor of nervous strain and unrest played a 
part with the majority. During the first experimental period it was 
possible to repeat some of the doubtful tests; in the second this con- 
firmation could not be secured. As the two sets of data are drawn from 
the same group of subjects, the relative values may be felt to exhibit a 
modest significance. Only one of the children recorded a value superior 
to the upper normal limit of +15 per cent. This was the child showing 
+22 per cent, and, as the pulse, pulse-pressure, and temperature were 
all higher than at the time of her initial record of +4 per cent, it may be 
safely concluded that she was in a less basal condition at the time of the 
August measurement. The net gain of the group was +6 per cent with 
a corresponding improvement in the absolute status of a large part of 
the group. The concomitant physical measurements do not show 
changes of significant proportions. Such modifications as are recorded, 
however, are all in the direction of an increasing normality. 

The galactose tolerance is another significant datum, as it is influenced 
by a wide variety of independent causes. 


TABLE 8 
Galactose tolerance 


JULY DIFFERENCE 


1 —1 
3 —3 
0 +1 
5 +2 

1 +1 
20% 
75% 

5% 


1 


As none of the children had established the catamenia and none of the 
older members of the group gave physical signs of its imminent approach, 


i 
i 
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20 gm. constituted the normal level (7). Several of the children showed 
levels above this normal at the time of the initial study. Only one of 
these failed to drop to the normal at the time of second testing, and later 
study on this patient showed a condition of pituitary dysfunction to 
which the carbohydrate anomaly was attributable. One child showed a 
low level initially and a normal tolerance in the second test. Two 
children, initially normal, showed a lowered tolerance in August. One 
of these later developed tuberculosis; the other has more recently been 
reported to us as apparently well. Explanation of this second case is 
not immediately forthcoming. The net result shows a higher incidence 
of normal tolerance at the end than at the beginning. A patent ex- 
planation for some of the initial high values was lack of carbohydrate 
saturation in obviously undernourished children. The surprising feature 
is the large number which showed a normal response to the test in a 
group initially so handicapped as were the subjects of this study. 

A general eye examination, including visual acuity, pupillary study, 
ophthalmoscopic examination and delineation of the fields and blind 
spots, is a routine procedure in the diagnostic studies on which this 
programme of investigation is based (1). 

The abnormalities elicited by this study are grouped in table 9. 


TABLE 9 
Eye examination 


Defective vision 

Pupils unequal 

Fundus, discs, yellowish 
discs, yellow 
discs, hazy 
vascular hypertension 
snuff pigmentation 
thin pigment 

Blind spots, enlarged 

Form field contraction 


Six of the children had defective vision and certain of the other re- 
ported departures from the normal may be associated with this condition. 
The child with vascular hypertension was a cardiac patient with high 
blood-pressure. The one child with contracted fields showed an upper 
cutting, due to lid droop and recoverable on raising the lids. Eight 
showed abnormal disc color, a common finding in a wide variety of 
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metabolic disorders. Snuff pigmentation shown by two suggests, though 
it does not define, congenital syphilis, and, as there were other potential 
evidences of this disorder in the group, a brief analysis may be included. 


TABLE 10 
Stigmata of syphilis 


WASSERMANN KAHN SNUFF FUNDI |IRREGULAR PUPILS 


3+ 
0 
0 
3+ 
2+ 


Case 1 later gave a repeated negative response to both Wassermann 
and Kahn tests and is to be regarded as negative with the initial report 
an error. 

Case 2, with snuff fundi, gave negative serological tests over a range of 
eighteen months. The positive evidence is further an indirect one and 
no more than suggestive. 

Case 15 showed both snuff fundi and a doubtful Wassermann. We 
were unable to follow up this case, although indirectly it was reported 
that she lost weight during the winter of 1928-1929. She had been much 
underweight at the beginning of the test and gained 4.5 kg. during her 
residence at the camp. 

Case 6 had unequal irregular pupils and teeth suggesting the Hutchin- 
sonian type. Later studies showed an earlier rachitis, incipient tuber- 
culosis and a series of negative blood-serum examinations. 

The last case, no. 13, left Cambridge and this precluded further study. 
She is the only patient in whom the presumptive evidence is at all 
strong, although cases 6 and 15 show definite potentialities. 

The eye findings, as a whole, indicated no more than a fairly general 
state of poor metabolism, of which it was but one evidence among many. 

Some years ago Drury (8) demonstrated that in cases free from ana- 
tomical impediment or demonstrable ear disease the spectrum of hearing 
as determined with the audiometer gave a very fair index of the nutri- 
tional level. Audiograms were taken on the children at the beginning 

and end of the test. The results, in terms of loss of sensation units, 
are given in the next table. 


NUMBER TEETH 
1 0 0 0 0 
2 0 + 0 0 
6 0 0 
13 + 0 0 0 
i 15 0 + 0 0 
4 
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TABLE 11 
Audiometric study 


LOSS OF SENSATION UNITS 


July Difference Difference 


64 30 +3 
128 18 +0 
256 17 +0 
512 16 +0 

1,024 10 +2 
2,048 6 +0 
4,096 10 +0 
8, 192 11 +0 


Inspection of the data shows a very prominent loss of hearing in both 
phases of study. The lower frequencies are the most affected and above 
middle C the losses are not severe. There is some evidence of improve- 
ment in the later averages of the left ear; on the right the curve remains 
practically unchanged. Translating sensation units into actual per- 
centages of loss from the conventional normal level, the composite curves 
at the end of the study are given in the accompanying graph. 


Averoge Hearing Loss 
August 1973 


£8 256 $12 1024 2048 


Freguences 


GrapH 2. AVERAGE Loss oF HEARING IN PERCENTAGES, AS RECORDED IN Aucust, 1928 


There can be no question that the group as a whole show a definitely 
depressed aural acuity. As the curve reflects the nutritional level and 
as this is a most important desideratum in the condition under considera- 
tion, the relative individual performance may be recorded. 
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TABLE 12 
Audiometric study 


AUGUST 


No change | Improved 


4 0 
6 6 


10 6 


Thirty per cent of the group had normal hearing initially. Two of 
these showed loss during the camp stay, one of whom was no. 6, already 
referred to, who subsequently developed further the active tuberculous 
condition with which she entered the camp. The other child was no. 14, 
and examination a year later showed a still further decline, most marked 
in the right ear. 

Of the remaining 70 per cent who showed defective hearing at the 
initial test, six, or nearly half, demonstrated definite improvement two 
months later. In this group were also two who showed a further de- 
cline, cases 9 and 10. The latter was later recognized in the fall of 1929 
as an active case of tuberculosis; the former, a year later, showed real 


improvement in the right and a complete normality in the left ear. 
While the indication in table 12 is of an improvement of only modest 
proportions, it is none the less definite. 


DISCUSSION 


There is relatively little to add to the comments already made on the 
numerous indices of functional level. With but minor exceptions, the 
whole tendency is toward a more normal level and, in certain important 
points, this improvement is of very significant proportions. When one 
considers the brief period of the treatment and the even briefer one of 
study, any evidence of a better level of health must be regarded as en- 
couraging. With the very real evidences shown by these wholly ob- 
jective measurements, it seems warranted to conclude that the beneficial 
influence of even brief preventorium treatment is clearly demonstrated. 
The results of further study on certain members of this group will be 


communicated in a later paper. 
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XI. SOME CONSIDERATIONS ON THE CARE OF PRETUBERCULOUS 
CHILDREN 


ALLAN WINTER ROWE, MARY McMANUS AND DOROTHY E. GALLIVAN 


In a recent communication (1) the authors have considered the changes 
in functional level, as measured by objective methods, produced in a 
group of pretuberculous children by a two months’ course of preventor- 
ium treatment.? 

It was evident that the combined influences of the camp regimen pro- 
duced very definite betterment in the group, and this the more strikingly 
that the interval between examinations was the very brief period of six 
weeks. At the time of the initial study it was planned to repeat in 1929 
the entire series of measurements with the same group which was studied 
in 1928. During the winter several of the children had been brought to 
the Evans Memorial for further examination, the 1928 reports indicating 
a possible pathological involvement requiring further investigation. 
When the time came for assembling the group it was found that but nine 
were available for the repetition of the measurements. The stories of 
the remaining eleven are not without interest to the present thesis. It 
should be noted that at the end of the preventorium treatment all of the 
children had been returned to their homes for the winter. The data of 
the eleven children not restudied follow in table 1. 


1 From The Evans Memorial, Massachusetts Memorial Hospitals, Boston, Massachusetts. 

2 This study was initially undertaken at the suggestion of Dr. Hilbert F. Day, President of 
the Cambridge Tuberculosis Association, to whom the authors extend their appreciative 
thanks. We are greatly indebted to Mrs. Mabel Greeley Smith, Executive Secretary of the 
Association, for her unfailing codperation during the entire study and to Drs. M. A. Case and 
A. Solo, of the Evans Memorial staff, who participated in the present work; and, finally, to 
the little patients themselves for their willing assistance. 
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TABLE 1 


COMMENTS 


Studied at Evans Memorial, April, 1929. Active tuberculosis, moderate 
hepatic dysfunction, evidence in spinal fluid of earlier infective process in- 
volving central nervous system. 

Left Cambridge for foster home; mother had died of tuberculosis. Reported 
as in good health, September, 1929. 

X-ray indicated hilum tuberculosis in July, 1928. Studied at Evans Me- 
morial, December, 1928. Active tuberculosis. Earlier rickets. 

Presented a congenital cardiac condition with hypertension which had been 
under treatment for years at the Children’s Hospital, Boston. 

Was designated a suspect in June, 1929 (Pirquet test ++) and placed under 
supervision. 

Left Cambridge in fall of 1928 and contact lost. In 1928 had 3+ Wasser- 
mann and + Kahn. Further study refused. 

Lost weight during winter of 1928-1929. Sent to another preventorium 
in summer of 1929. 

Studied at Evans Memorial, December, 1928. Active tuberculosis. 

Child was apprehended as probable endocrinopathy during study of 1928. 
Studied at Evans Memorial, January, 1929. Pituitary dysfunction. 
Infected antrum. 

Chest X-ray suspicious in July, 1928. Sent to preventorium in spring of 
1929 as probably active. 

Developed active tuberculosis in winter of 1928-1929 and sent to sanatorium 
for treatment. 


Summary 


Suspected tuberculosis 
Active tuberculosis 


Of the 4 cases of active tuberculosis listed above, one entered the camp 
in July with positive X-ray findings, one was proved active four months 
after leaving the camp, and the other two developed active conditions 
the following spring nearly a year after the camp regimen terminated. 
A similar lengthy exposure to home conditions was the case with all of 
the suspects. Of the three with no evidence of pulmonary disease, one 
had gone to a foster home with greatly improved conditions, one was the 
cardiac case that was not initially regarded as a possible tuberculosis 
patient, and the third child was the endocrine case that was under medi- 
cal supervision after her diagnostic study in January of 1929. 

Turning now to the results of the 1929 study, with the remaining 9 
children, the general programme followed in 1928 was repeated. The 
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main details are given in the preceding paper already cited (1). All of 
the children showed poor nourishment in variable degree, a repetition of 
the earlier report. Most of them showed postural defects. Case 1 had 
tenderness in the right lower quadrant and probably had a chronic ap- 
pendicitis. An opportunity for further study for verification was not 
secured. Case 10 had a discharging ear. Number 2 had had a brief 
period of seemingly active tuberculosis in the preceding winter but was 
regarded as arrested at the time of study in July, 1929. Number 9 re- 
ported a sinus infection in the previous early spring. The other reports 
and findings were substantially normal or consistent with known earlier 
pathological changes. 

The basic physical measurements of the group are given in table 2. 
In this and certain of the subsequent compilations, in addition to the 
basic data (columns 2 and 3), the changes are recorded over the ten 
months’ period of home living (column 4), and, for purposes of compari- 
son, the gains or losses registered in the preceding summer (column 5). 


TABLE 2 
Physical measurements 


DIFFERENCE 


AUGUST, 
jury, 1929 
1928 ‘ 10 months, | 6 weeks, 

1928-1929 1928 


Age (yrs) 11 12 +1 


© 


— 


Vertical growth during the longer period was significant, though 
scarcely proportional to the increase in the camp period. The figures 
for the ten-month interval fall slightly but not significantly below Breit- 
mann’s prediction (2) at this age based upon a large number of actual 
measurements. The chest, on the other hand, lags far behind, this 
being in part conditioned by the failure to gain weight in proportion to 
the changing height. The lung-volume also shows an accretion of mod- 
est but adequate proportions. Summarized, the group demonstrates a 
somewhat retarded growth most strikingly exemplified in the chest and 


weight measurements. 
As was noted in the preceding paper, relative values at times present 
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the trend of changes with greater clarity than do the absolute values 
upon which they are based. Using the standards and methods of appli- 
cation already described (1), the so called vital-capacity relationships 
which embody this relative principle can next be considered. 


TABLE 3 
Biometric comparisons 


DIFFERENCE 


AUGUST, 
1928 


JuLy, 1929 
10 months, 
1928-1929 


6 weeks, 


—16% 
—7% 
~16% 


—17% 
-7% 
—12% 


+0% 
+4% 


+5% 
+3% 
+3% 


At the time of discharge in August, 1928, this group of children was 
still 16 per cent below their predicted weight, having gained 5 per cent 
during the camp period. After a lapse of ten months there has been a 
slight actual loss of ground, as in July, 1929, they are 17 per cent below 
the calculated normal. The chest measurement shows no relative 


change, although in the camp period there was a 3 per cent increase. 
The lung-volume is slightly nearer to prediction (+4 per cent), but is 


still significantly low. The gain is of the same order of magnitude as 
was encompassed by the six weeks’ preventorium care. 
The more significant urine findings are given in table 4. 


TABLE 4 
Urine measurements 


DIFFERENCE 


AUGUST, 
1928 


juLy, 1929 


10 months, 
1928-1929 


6 weeks, 
1928 


Specific gravity 


—610 
+0 .002 
—30 


+900 
—0.004 
+26 
—1 


Albumin (no. +) 

Casts (no. +) 

Sugar (no. +) 

Urea nitrogen (%) 

Uric-acid nitrogen (%) 

Ammonia nitrogen (%) 

Creatinin nitrogen (%) 

Residual nitrogen (%) 

Number over 9% 


+4 
~ —1 
+1 0 
—4.28 +3.00 


w 


co 


90 
CON 


Not significant 


+2 +1 


baron — 
1928 
1,680 1,070 
1.016 1.018 
67 37 
1 5 ? 
0 0 
| 
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When the children were first studied in July, 1928, low and inadequate 
urine-volumes were the rule. The dietary (1 quart of milk daily) and 
hygienic regimen of the camp produced a marked improvement. During 
the winter the children obviously have reverted to their earlier practices. 
While the average volume is relatively better then twelve months pre- 
viously and falls within the normal zone, it is unduly affected by a single 
collection which was very high. Correcting for this, the average becomes 
820 cc. or at practically the same inadequate level as that of July, 1928. 
The falling-off of the solid elimination (a relative figure only, based on 
calculation by Haeser’s coefficient) is marked. While but one child 
showed albuminuria on discharge in 1928, four more, or over 50 per cent 
of the group, present it in the current study. The amount is minimal 
in every case and, with the poor posture of the children, an orthostatic 
factor is to be considered as well as impaired renal nutrition. Sugar has 
appeared in one case only, the child with a known earlier tuberculosis. 

The total nitrogen elimination as an index of protein catabolism tells a 
very definite story. There has been a decline of over 40 per cent in the 
utilization of this essential food element. The average value is only of 
the order of the minimum maintenance amount, and several members of 
the group fall significantly below this essential standard. The average 
values for the partition standard are essentially normal. Note may per- 
haps be made of the higher ammonia value in the present collections, 
which, while entirely normal, in its change reflects the less liberal diet 
followed during the winter months. 

High residual nitrogen in the individual is generally significant of 
metabolic aberration, and four of the present group now show this index 
as against two ten months previously. 

The urine derives from the blood and the chemical findings with this 
tissue are given in table 5. 


TABLE 5 
Blood chemistry 


AUGUST, 1928 


Nonprotein nitrogen 32 
Urea nitrogen 15 


Uric acid x 


15.3 
100 


} 
} DATUM mu | 1929 
29 
14 
| 3.1 
1.4 
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The slightly lower values for the several nitrogenous constituents prob- 
ably no more than reflect the significantly lower level of the protein 
metabolism. Both formulae are well within normal limits. The same 
comment is equally applicable to the blood sugar, certainly so as regards 
the normality of the reported levels. 

The blood morphology follows in table 6. 


TABLE 6 
Blood morphology 


AUGUST, 1928 JULY, 1929 


Haemoglobin (%) 83 69 
Number below 85% 4 7 


Erythrocytes 5,170,000 | 4,650,000 
Number below 4,500,000 1 4 


Leucocytes 9,410 7,130 
Number above 10,000 3 1 
Neutrophiles 54% 49% 
Lymphocytes 41% 46% 
End. Leucocytes 3% 4% 
Eosinophiles 2% 1% 


The low haemoglobin recorded in four patients in 1928 is now shown in 
seven, or 80 per cent of the group. Further, the average value, initially 
slightly low, has sunk to a definitely depressed level. The report on the 
erythrocytes is the same in kind though not in degree, emphasizing the 
secondary type of the anaemia characterizing the group. The incidence 
of a slight leucocytosis is less (3 to 1). The later bloods are more lym- 
phocytic than those of the previous year, an anomaly suggesting metabolic 
disturbance and correlating with the high residual nitrogen in the urine (3). 

During the 1928 study three of the children gave doubtfully positive 
serological reactions. Only one was really suggestive from this finding 
(case 13) and, as noted in table 1, contact was lost before the question 
could be resolved. Number 1 of this series had one report of a 3+ 
Wassermann with negative Kahn. All later observations, of which 
there were several, were negative. The’ serological reports on the pres- 
ent group at this time were uniformly negative. 

The respiratory metabolism and its associated physical measurements 
give data of great possible significance. The pertinent figures are col- 
lected in table 7. 
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TABLE 7 
Respiratory metabolism 


AUGUST, 1928 JULy, 1929 


Basal rate 
+9 —2 
—13 —24 
Average 
Average 
Net average 
Blood pressure 
76 75 
Respiration 16 14 


With the conditioning of earlier experience coupled with the stabiliz- 
ing influence of an added year in age, the data from this series of measure- 
ments may warrantably be regarded as more dependable than those of 
the previous year. This is certainly recorded in the relative values as 
reported in the table. At the time of discharge, in August, 1928, eight 
of the children had normal rates, the average of which was slightly su- 
perior to prediction. This latter was the average of comparisons with 
the Harris-Benedict and Aub-DuBois standards as discussed in the pre- 
ceding paper (1). Only one child was below prediction (no. 11), and she 
only the modest though still definite amount of 13 percent. The present 
examination shows that four of the group were significantly below the 
low normal of prediction and that the group average is at the hypofunc- 
tional level of —11 percent. This represents a net loss of 13 per cent for 
the entire group. Some of this is certainly attributable to the stabilizing 
agencies already noted, but three of the records, —24 per cent, —24 
per cent, and —15 per cent, indicate a very real depression of the energy 
exchange. The lowered nutritional level is patently the explanation of 
this, and later observations on these three patients showed a definite 
recovery toward the normal after a brief period of more adequate nu- 
trition. 

The blood-pressures are slightly, but not significantly, lower, and the 
pulse and respiration rates exhibit the same tendency. All are within 
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the range of the normal. Body temperatures show an unchanged aver- 
age, while the alveolar carbon dioxide shows a slightly better level, al- 
though it is still somewhat low. It will be remembered that the urine 
ammonia nitrogen, though higher, was still a normal value. 

The striking loss in the basal metabolic rates is the really significant 
outcome of this part of the study. As noted, this is attributable to 
several causes, only a part of which are physical. 

The galactose tolerance, another significant measurement, gives nega- 
tive results in the study. All of the children had a normal tolerance in 
August, 1928, and all continue this normality in July, 1929. This is 
true even for the one case, no. 2, that showed a slight and transitory 
glycosuria. None of the children had established the catamenia in 
1929 nor did any give physical evidence suggesting its approach. 

The eye examinations, which were a feature of the first study, could not 
be repeated for this group. This is to be regretted as the indications are 
both positive and suggestive. 

Audiometric measurements were carried out as in the previous study. 
One child (no. 10), as noted above, had a discharging right ear. A year 
previously there had been a marked loss of acuity in this ear, and a 
year later the curve showed a further loss of moderate proportions. The 
speech area was the least affected, and the child was not conscious of any 
increase in her hard-of-hearing condition. 

In table 8 are given the summarized results of the 1929 study as com- 
pared with that of 1928. 


TABLE 8 
Audiometric results 


CHANGE IN ACUITY 


Right ear Left ear 


The distribution between the three possibilities is nearly uniform. 
The right ear, somewhat the poorer initially, shows the more unfavorable 
progress. The fact is recorded without attempt at explanation. The 
averages of the actual audiometric curves recording hearing loss in sensa- 
tion units render the changes even more evident. They are reproduced 
in the accompanying graph. 
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64% (8 256 Sle 2098 
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GrapH 1. AUDIOMETRIC CURVES (AVERAGES), DEMONSTRATING CHANGES IN 
AvupDITORY ACUITY 


DISCUSSION 


From the foregoing discussion it is obvious that such gains as had been 
secured by the preventorium treatment of 1928 had in no small measure 
been lost during the succeeding ten months. An analysis of some part 
of the later history of this group, as a supplement to table 1, may not be 
uninstructive. 


TABLE 9 


COMMENT 


Examination in 1929 showed probable chronic appendix. Undernourished 
but no objective evidence of pulmonary pathological process. 

Had had a brief active episode in winter of 1928-1929, but was regarded as 
arrested when restudied in 1929. Examined at Evans Memorial, Sep- 
tember, 1929. Active tuberculosis. 

Undernourished. No objective evidence of pulmonary pathological process. 

Examined at Evans Memorial in October, 1929. Active tuberculosis. 

Poor nutrition and hygiene. No objective evidence of pulmonary pathologi- 
cal process. 

Arrested tuberculosis in winter of 1927-1928. Positive X-ray on admission 
to camp July, 1928. Studied at Evans Memorial, October, 1929. Active 
tuberculosis. 

X-ray examination in July, 1928, questionable. Physical examination, Sep- 
tember, 1929, gave possible dulness in upper right lung; bronchophony 
over right scapula; no rales reported. Case regarded as suspicious, but 
further study not permitted. 

A very frail child. Nutrition very poor but no objective evidence of pul- 
monary pathological process. Further study unobtainable. 

Persistent though slight albuminuria over entire period of study. Genito- 
urinary study declined. No objective evidence of pulmonary pathological 
process. 
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Negative 
Doubtful 


20 


Barring the cardiac case and the one child with whom contact was lost, 
there remain 18 children in the group. Two of these were suspects and 
remained in this category at the end of the study; three had had earlier 
known active processes, and all three subsequently had active recurrence. 
In addition, four more required treatment at a later period for demon- 
strated tuberculosis and two more for a probable active condition. This 
leaves but seven, or but two-fifths, in a net group of eighteen who failed 
to realize their pathological potentiality. Of these, at least one of the 
children, no. 18, is very far from a good risk. 

The question which naturally arises relates to the underlying meaning 
of these figures if they be susceptible to a just and reasonable interpreta- 
tion. All of these children came from relatively poor homes in which 
living conditions were far from ideal. In a number of instances older 
members of the family were actively tuberculous and proper protection 
was probably difficult to secure. When to this is added indifference and 
the carelessness arising from it, which regretfully must be acknowledged 
to exist in some of the homes at least, the constant hazard of exposure 
certainly plays no small part in the end-result. 

Further, all of the children initially were undernourished, 65 per cent 
of them to a serious degree. The preventorium treatment, even for the 
brief period covered, produced betterment in this and cognate objective 
function levels of a very definite magnitude. When the children were 
discharged in 1928, they all showed a marked improvement over their 
status on admission. They were returned to their homes and to the 
conditions which had engendered or conduced to the initial state. Dur- 
ing this winter latent processes became active in several of them, and the 
remainder, on examination ten months later, showed a general decline 
practically to the levels of the time of initial contact. And in the course 
of the next few months four more of the children either became active or 
were placed on the suspect list. 
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The series is a deplorably brief one, but the studies in each case have 
been as thorough and comprehensive as circumstances would permit. 
While no sweeping generalization is warranted, the demonstrated efficacy 
of preventorium treatment in raising the demonstrable levels of bodily 
function certainly argues not only for its continuance but for its exten- 
sion. The longer the stay, the greater the resistance developed and thus 
an-improvement in the capacity for controlling the subversive factors 
of the daily life. 

If to this positively constructive measure could be added means to 
render the parents more alert to the necessity both of safeguarding from 
infection and also confirming in the child the hygienic habit taught and 
stressed during the preventorium period, yet another step would be taken 
toward the ultimate solution of the problem. The authors hope that 
this paper, by offering a certain amount of factual evidence based upon 
objective measurement, may lend a modest support to the active pro- 
gramme for betterment now so generally being carried on in all parts of 
the world. 
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GENERALIZED SUBCUTANEOUS EMPHYSEMA SECON- 
DARY TO PATHOLOGICAL FRACTURE OF A RIB 
IN ADVANCED PULMONARY TUBERCULOSIS 


Report of a Case! together with a Case Report with Treatment by 
J. N. Nichols 


CHAS. C. BROWNING 


Numerous cases of generalized emphysema have been reported as 
occurring as complications of acute or chronic inflammatory diseases of 
the lungs or as a result of accidents or surgical procedure. I have been 
unable to find a report of this complication having occurred as the result 
of a pathological fracture of a rib in a case of pulmonary tuberculosis. 
Necrosis of the ribs is a relatively rare complication of pulmonary tu- 
berculosis. 

Meade and Stafford report a case in the AMERICAN REVIEW OF TU- 
BERCULOSIS (April, 1930) of Spontaneous Emphysema in Pulmonary Tu- 


berculosis, and review the literature. They state, “As a complication 
of pulmonary tuberculosis the condition is very rare, if one may judge 
from the literature.” 


Report of Case 


M. S., male, age 64. Admitted to the Psychopathic Department of the Los 
Angeles General Hospital. History: Had attempted suicide by an attempt to 
cut his throat. Wound not serious. Further examination resulted in ten- 
tative diagnosis of extensive pulmonary tuberculosis. October 2: The fourth 
day following admission, stereoscopic radiographs confirmed the diagnosis: 
“Far advanced active pulmonary tuberculosis with extensive cavity-forma- 
tion in the right lung. A small amount of nodular infiltration in the left apex. 
Should be transferred to the Tuberculosis Service as soon as mental condition 
permits.”’ (Hospital record.) October 12: Admitted to the Tuberculosis 
Service. The following additional notation was made: “Severe cough and 
expectoration. Sputum positive for tubercle bacilli. Temperature 97° to 
100°. Wassermann negative. Kahn precipitin test negative.” November 4, 


1 From the Tuberculosis Service, Los Angeles General Hospital, and the College of Medi- 
cal Evangelists, Los Angeles, together with the codperation of the Jewish Consumptive Relief 
Sanatorium, Duarte, California. 
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CHAS. C. BROWNING 


1928: Neck swollen to twice normal size. Swelling general all over the body; 
hands and feet less involved than other tissues. Scrotum much enlarged. 
Does not complain of pain but states “‘he does not feel good.” Skin pitted on 
pressure, with crepitation, apparently due to the generalized emphysema. 
Stereoscopic radiographs of chest only: ‘“‘Extensive emphysema throughout the 
muscles and subcutaneous tissues of the chest.”’ X-rays also show a fracture 


Fic. 1. Observe at I the annular shadow, which was superimposed upon the cavity, but 
was an area of necrosis in the seventh rib with only a small portion of the upper border re- 
maining as indicated. Also observe at II a shadow which later proved to be a pathological 


condition. 


of the right seventh rib about four inches lateral to the vertebral column, with 
displacement of the fragments. This fracture is over the area of extensive 
cavitation in the right lung. This is the probable source of the emphysema. 
There is also a fracture of the sixth rib with only slight displacement. 
Treatment: Expectant. Patient’s suffering was very slight. Operation 
not desired. November 10, 1928: Patient discharged from the Los Angeles 
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General Hospital to go to the Jewish Relief Sanatorium, where the above 
diagnosis was concurred in. 

November 19, 1928: Patient died, nine days after entering the Jewish Con- 
sumptive Relief Sanatorium. Impossible to secure autopsy. 


Fic. 2. Observe at I the two ends of the rib, the small line of continuity having given way. 
Also observe at II the displacement of the shadow of the sixth rib. Note degree of emphy- 
sema of the neck; a corresponding degree extended all over the body. 


On November 25, 1930, I reported this-case to the Los Angeles Clinical 
and Pathological Society. (Report not published.) At this meeting Dr. 
J. Norton Nichols reported a case of Generalized Emphysema, Complicat- 
ing Pneumothorax, which he had successfully treated by cutting down 
upon the opening in the intercostal tissues and packing the wound. 
Following is a brief abstract of the discussion at that time. . 
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CHAS. C. BROWNING 


Report of Case 
The patient was suffering from a complete subcutaneous emphysema involving 
the entire body, arms, neck and legs. The condition followed four attempts at 
therapeutic pneumothorax. It was decided to attempt to open directly down 
on the leaking hole in the pleura, rather than use multiple slashing incisions or 


Fic. 3. November 19, 1928. Stereoscopic radiographs, taken at the Jewish Consumptive 
Relief Sanatorium, show no change in the emphysematous condition at the time of death. 


multiple punctures as had been advocated. Under local anaesthesia each site 
of needle-puncture was widely opened and carefully carried down to the inter- 
costal muscles. At one point air-bubbles were observed to come through the 
muscle, and on spreading the fibres the hole in the pleura could be seen, with 
air escaping at each respiration. This incision was left open and loosely packed 
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with gauze. The others were closed. Further spread of the emphysema was 
promptly checked and absorption was complete within a few days. It is be- 
lieved that this represents a more rational procedure than multiple punctures 
orincisions. Ifthe skin be considered a closed sac into which air is being forced 
through a single opening, the most direct way to stop further extension is to 
open all overlying tissues down to the leaking point, thus letting it escape di- 
rectly to the surface. 
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Addendum 


The article entitled Cellular Studies in Tuberculosis, by Florence R. 
Sabin, February, 1932, xxv, 153, was the Sixteenth Mellon Lecture 
delivered April 23, 1931, at Pittsburgh, Pennsylvania, under the auspices 


of the Society for Biological Research, School of Medicine, University 
of Pittsburgh. 
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THE HISTORY OF THE R1 STRAIN OF TUBERCLE 
BACILLUS! 


LEROY U. GARDNER 


The widespread use of the attenuated strain of tubercle bacillus, known 
in the Saranac Laboratory as RJ, warrants the publication of more 
complete details of its history than has hitherto been attempted. This 
organism was isolated by Dr. Trudeau in 1891 from the lung of a 
human being dying of miliary tuberculosis. The original culture was 


ERRATA 
Vol. XXV, No. 3, March, 1932 


On page 401, figure 2 should be numbered figure 3. 
On page 402, figure 3 should be numbered figure 2. 
On page 417, line 2, for 1924 read 1904. 


repeating and amplifying their work. 

Unlike many strains of tubercle bacilli similarly cultivated for pro- 
longed periods on artificial media the R1 strain has never suffered a 
complete loss of infective power. It will be shown that three or four 
years of growth outside the body reduced its virulence to a comparatively 
low level, but that thereafter it has maintained a very definite, although 
possibly variable, degree of parasitism over a period of some thirty-five 
years. To-day the injection of moderate doses of R1 tubercle bacilli into 
guinea pigs will result in the formation 6f caseous tubercles usually con- 
fined to the lymphoid tissues. Such lesions tend to heal and may 
ultimately disappear. Death from generalized visceral disease is ex- 
ceedingly rare and occurs only under unusual circumstances. In the 


1 From the Saranac Laboratory for the Study of Tuberculosis, Saranac Lake, New York. 
577 


t 
i 
Bo 
q 
it 
. 
i 
tk 
ij 


THE HISTORY OF THE R1 STRAIN OF TUBERCLE 
BACILLUS! 


LEROY U. GARDNER 


The widespread use of the attenuated strain of tubercle bacillus, known 
in the Saranac Laboratory as RJ, warrants the publication of more 
complete details of its history than has hitherto been attempted. ‘This 
organism was isolated by Dr. Trudeau in 1891 from the lung of a 
human being dying of miliary tuberculosis. The original culture was 
injected into a rabbit and the first subculture obtained from this source 
was designated R1, indicating that it was derived from a first pas- 
sage through a rabbit. All subsequent transplants from this subcul- 
ture were likewise called R/. 

After two years of growth on artificial media it appeared that the R1 
tubercle bacillus was distinctly less virulent for guinea pigs than many 
other strains. Dr. Trudeau and his associates were quick to recognize 
that an instrument was in their hands for the experimental investigation 
of immunity in tuberculosis. With it they could produce a slowly 
developing self-limited tuberculous infection which profoundly altered 
the reaction of an animal to inoculation with fully virulent bacilli. 
Following the publication of their fundamental experiments many 
investigators in different laboratories continued to use the R1 culture in 
repeating and amplifying their work. 

Unlike many strains of tubercle bacilli similarly cultivated for pro- 
longed periods on artificial media the R1 strain has never suffered a 
complete loss of infective power. It will be shown that three or four 
years of growth outside the body reduced its virulence to a comparatively 
low level, but that thereafter it has maintained a very definite, although 
possibly variable, degree of parasitism over a period of some thirty-five 
years. To-day the injection of moderate doses of R1 tubercle bacilli into 
guinea pigs will result in the formation of caseous tubercles usually con- 
fined to the lymphoid tissues. Such lesions tend to heal and may 
ultimately disappear. Death from generalized visceral disease is ex- 
ceedingly rare and occurs only under unusual circumstances. In the 


1 From the Saranac Laboratory for the Study of Tuberculosis, Saranac Lake, New York. 
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words of Krause (1): “We have . . . . always looked upon R1 in- 
fected animals as affected with self-limited healing tuberculosis, and 
more or less comparable to those human beings who are infected but 
whose infection shows no tendency to progress.” 

The author and his co-workers have employed the R1 strain in their 
study of tuberculosis associated with pneumonoconiosis. This historical 
review is presented as an introduction to a series of papers dealing with 
alterations in the growth characteristics of this and other tubercle bacilli 
induced by the presence of silica both in the animal body and in vitro. 
Data collected from the unpublished records of the Saranac Laboratory 
and from the various sources noted in the appended bibliography are 
presented in an attempt to explain certain unusual reactions to this 
organism encountered in recent years. 

As has been stated, the R1 strain of tubercle bacillus was isolated in 
1891 from the lungs of a human being dying of acute miliary tubercu- 
losis. Dr. Baldwin recalls that Dr. Trudeau repeatedly referred to this 
patient as a child. Primary growth was obtained upon glycerol (?)- 
potato, unquestionably by direct inoculation, as digestion methods had 
not been introduced at the time. Material from the initial culture was 
inoculated into the eye of a rabbit (1891). There is no record of the 
dosage or of the extent and character of the disease in this animal. Sub- 
cultures on coagulated glycerinated sheep-serum were obtained from 
its lung. These cultures were transplanted once on to fresh medium of 
the same kind. During the years 1892 and 1893, the culture passed 
through ten generations on glycerol-agar and on glycerinated peptone- 
broth, either neutral or slightly acid. 

The disastrous fire of November, 1893, failed to interrupt the continued 
cultivation of the R1 strain, although it destroyed Dr. Trudeau’s home 
and his laboratory. Among the friends who came to his assistance was 
Dr. Hodenpyl, to whom a transplant of the culture had been sent during 
the previous month. The Saranac Laboratory records state that ‘“‘on 
December 6, 1893, there were received two tubes of the eleventh gen- 
eration (transplanted) from the tenth generation sent to Dr. Hodenpyl 
on October 9, 1893.” Dr. Trudeau adds: “At the time the laboratory 
burned, I had given Dr. de Schweinitz and Dr. Hodenpyl some tubes of 
these cultures, two tubes of which, of about the eleventh generation, 
were returned to me by Dr. Hodenpyl.”’ Most unfortunately the 
protocols of all animal inoculations previous to this catastrophe were 
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destroyed and we must look to various publications for information 
regarding the original virulence of this organism. 

In an address read before the Association of American Physicians on 
May 12, 1903, Dr. Trudeau (2) says of R1: “After two years it began to 
show some diminution of virulence for guinea pigs and rabbits and after 
six years in ordinary doses it did not kill rabbits and produced only very 
chronic lesions in guinea pigs or did not kill them at all. Since then its 
virulence has still more diminished.” 

In 1895 he wrote that R1 bacilli would produce progressive tuberculo- 
sis in guinea pigs if sufficient quantities were inoculated. The following 
extract from one of his unpublished experiments is illustrative: 


Experiment 85: An attempt to determine the course of inoculation with attenuated 
R1 (grown on mannite): April 11, 1895: Take 1 big heaping planting spadeful 
(of culture from mannite broth), mix with 11 cc. of distilled water and inject 
without filtering into each of 10 guinea pigs, left thigh, quantity from 0.3 to 
0.45 cc. according to size of guinea pig. 

May 10: Guinea pig no. 10 died emaciated; caseous glands right groin. 
Spleen and lungs show acute miliary tuberculosis. 

June 5: Guinea pig no. 5 dying, killed. Gray “non-caseous” tubercles, 
spleen, liver and lungs. 

June 15: Guinea pig no. 3 died of generalized involvement; gray pulmonary 


tubercles. 
October 8: Three animals have died. The remaining have healed inocula- 


tion wounds, all have (enlarged) glands. Nos. 7 and 6 breathe hard; show 
evidence of pulmonary involvement—below weight—probably will die. 

The seven surviving guinea pigs superinfected with 10 cc. of opalescent sus- 
pension, R1 filtered through cloth, grown on potato. 


The seven reinoculated animals overcame both infections with the 
attenuated organisms and were alive and, with one exception, well, six 
months later. The six remaining and apparently healthy guinea pigs 
were again reinoculated with tuberculous sputum and survived from 141 
to 486 days longer. 

In the case of rabbits, no protocol of an experiment can be found in 
which a fatal result was produced by intravenous inoculation with R1 
bacilli, although in Dr. Trudeau’s publications there are repeated 
references to such an occurrence. In 1896, five years after isolation, 
his notes record the intravenous inoculation of six rabbits with “2 cc. 
of a thick emulsion of R1, eighteenth generation on broth.” Nearly five 
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months later the rabbits were reinoculated with suspensions of tuber- 
culosus tissue from which they later died of generalized tuberculosis. 
There is no mention of the lesions of primary infection in the autopsy 
protocols.? 

The doses employed in the earliest work were frequently very large; 
Dr. Baldwin recalls that frequently inoculations were made from heavy 
milky suspensions. The following quotation from the published report 
of the previously mentioned address of 1903 would indicate that by this 
time, twelve years after isolation of the Ri strain, only moderate doses 
were being employed. Speaking first of rabbits, Dr. Trudeau says: 


It is better, however, to give two preventive inoculations two or three months 
apart. The initial dose should be one-twentieth to one-fortieth of a milligram 
intravenously and the second, ten times greater. 

For a half-grown guinea pig, the initial dose should be one-eighth of a milli- 
gram to one-quarter of a milligram of solid culture . . . . injected under 
the subcutaneous tissue of the thigh. Little reaction follows, locally or con- 
stitutionally. The animal loses weight for some weeks and the inguinal 
nodes may swell somewhat and remain slightly swollen for several weeks. If 
tested with ten milligrams of tuberculin two or three months later, the animals 
should show no reaction. An intraperitoneal injection of one-quarter to one 
milligram of Ri culture may then be given and is usually well borne. Six 
weeks later the test inoculation is made. 


Dr. Trudeau demonstrated to the Association before which he was 
speaking the results of his protective inoculation and his first exhibit 


2 During the past two years an attempt has been made to discover whether progressive 
tuberculosis could be produced in rabbits with extremely heavy dosagesof R1 bacilli. Sixteen 
rabbits were inoculated intravenously with 0.1 cc. of suspensions of this organism graded in 
four doses, from 100 isolated organisms per oil-immersion field to approximately one in every 
ten fields. They were allowed to live a year when one member from each group was killed. 
No trace of the infection could be discovered. The twelve survivors were again inoculated, 
this time subcutaneously with 5 cc. of a heavy milky suspension of the same bacillus. After 
eight months all were still alive and well. Approximately six months ago five of them were a 
third time inoculated with 5 cc. of a milky suspension of R1 bacilli intravenously. All are 
apparently well to-day. 

To determine whether lesions might develop and subsequently heal, two more rabbits 
were given an intravenous injection of 3 cc. of a suspension of Ri bacilli exhibiting approxi- 
mately 300 bacilli per oil-immersion field. After two months had elapsed, both were X-rayed 
and no pulmonary lesions could be seen. One of the animals was killed and one or two small 
questionable foci were discovered in the lungs. The other rabbit was injected a second time 
with a like amount of bacilli. This animal is alive and well now, nearly seven months after 
the last inoculation. All of these animals will be allowed to live, to discover whether any 
further developments will take place. 
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consisted of lungs of rabbits killed “about eighty days after intravenous 
inoculation with one-half milligram of Ri culture.” They showed no 
gross or microscopic evidences of tuberculosis. 

In an earlier paper (1897) on Artificial Immunity he (3) has summarized 
his own experience with this organism and he referred to other similar 
experiments by de Schweinitz in the Bureau of Animal Industry. He 
wrote: 


I began to notice after two years’ cultivation that a great majority of the 
guinea pigs inoculated with this culture lived for many months beyond the 
usual time and the virulence of the germ was evidently decreasing. It was not, 
however, before 1894 that I observed that many of these animals recovered 
completely from the inoculation while a few still died of chronic tuberculous 
lesions. It had been necessary, however, to keep the pigs for a long time for 
occasionally some of them would die from a year to eighteen months after the 
protective inoculation. 


In this publication he gives de Schweinitz credit for having first called 
attention to the fact that guinea pigs could be protected against virulent 
tuberculous infection by inoculation with living attenuated cultures. 
He adds that “It is of interest to note that the culture used by Dr. de 
Schweinitz was originally obtained by him from me and is the same with 
which my own experiments were made.” He refers to a paper by 
de Schweinitz (4) published in the Medical Record for 1894. 

On consulting this source we find that the author does not specifically 
designate the bacillus with which he worked as R/, but he says that he 
obtained from Dr. Trudeau a transplant from an attenuated culture in 
its second generation on blood-serum after recovery from a rabbit. 
There can be no question as to the identity of the strain with which de 
Schweinitz worked as its history corresponds so accurately with that of 
RI. Furthermore, Dr. Trudeau had no other attenuated strain of 
tubercle bacillus at this time. Dr. Dorset has written the author that 
he came to the Bureau of Animal Industry in 1894 and that he is certain 
that the culture which they used was R1. The following quotation from 
the de Schweinitz paper describes the experience at the Bureau Labora- 
tories with this organism: 


After growing for several generations upon glycerine agar (about two months 
each generation) the culture was transferred to glycerol beef broth which was 
to be used as a source for tuberculin. After the fourteenth generation I 
noticed that the guinea pigs that were always kept inoculated with tuberculo- 
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sis, to test the tuberculin, did not succumb nearly as rapidly and in the case 
of the fourteenth generation it required six months before disease developed. 


During the years 1894 to 1896, de Schweinitz, Schroeder and Dorset 
inoculated many guinea pigs with this organism and found that it had 
become so attenuated that no trace of infection could be discovered a year 
or two later. Dr. Dorset (5) recalls that the organisms never produced 
more than an abscess at the site of inoculation and an enlargement of the 
regional lymph nodes. These observers also experimented on cattle and 
in their first paper we find the following report (6): 


At this time I had at the Experiment Station of the Bureau, the calf of a 
tuberculous cow, which, however, although the mother was badly diseased, 
did not respond to an injection with the tuberculin. The calf was then 
drenched with 100 cc. of a growing active liquid culture of this attenuated 
germ, the twentieth generation. After three months the calf was again in- 
jected with tuberculin and failing to respond, was killed. The autopsy showed 
the animal to be healthy. 

Another healthy southern cow received into a vein an injection of the same 
generation from the liquid culture in July. On November 20th this animal 
which was rather thin and had an initia] temperature of 103°F. was injected 
with tuberculin but did not show any reaction (a tuberculous cow injected at 
the same time to control the tuberculin gave a good reaction). The cow which 
had received the injection of attenuated culture had a small lump, the size of 
an egg, on the side of the neck where inoculated. The diagnosis of no tuber- 
culosis, based upon failure of reaction to tuberculin will be confirmed or dis- 
proved by an autopsy later. 


A table in this article notes that the cow was alive and gave no reaction 
to tuberculin some four months later. It has not been possible to dis- 
cover the results of the autopsy on this animal. Dr. Dorset writes 
that the original records cannot be found. He calls attention, however, 
to Bulletin 13 of the Bureau of Animal Industry (7). On page 14 the 
following statement is made with regard to virulence of the R1 strain for 
the bovine species: 


Cows and calves have also been inoculated with this attenuated germ in doses 
varying from 2 to 500 cc. at a time without the production of tuberculosis. 
Nodules were frequently formed at the point of inoculation, which seemed, 
however, to be due to mechanical action of the germ and did not produce any 
evidence of tuberculosis. June 28, 1896. 
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At the Saranac Laboratory Dr. Baldwin (8) in 1902 and 1903 injected 
calves with R1 tubercle bacilli in connection with his studies on the 
properties of immune sera in tuberculosis. Three animals received two 
intravenous injections of 1.5 and 25 mgm. respectively. After a period 
of forty-eight days, one was reinfected with 85 mgm. of bovine bacilli 
and died in three weeks. No trace of the immunizing infections could 
be discovered. The two remaining calves were used as a source for 
immune serum in the study of agglutinins, precipitins, etc. They were 
subsequently injected with tuberculins but never received another inocu- 
lation with living tubercle bacilli. One died of cachexia a little over three 
years after the last injection of bacilli. The other animal was still alive 
one year later; its ultimate fate is not recorded. 

Two other calves each received two intravenous vaccinating doses of 
Ri of 1 and 25 mgm., respectively, at an interval of 38 days. Thirty- 
three days later they were injected with 25 mgm. of fully virulent tubercle 
bacilli of human origin. The first calf was reinoculated a year after the 
first infection with 20 mgm. of virulent bovine bacilli and died in 17 days. 
Autopsy disclosed a few fibrous nodules in the lung, which were thought 
to represent the remains of the reaction to the human bacilli. The 
second calf in this group was reinoculated about a month after the death 
of the first, with 10 mgm. of bovine bacilli, and it also died within three 
weeks. No trace of the previous infections could be discovered. As 
a clear-cut demonstration of the virulence of the R1 strain of Bacillus 
tuberculosis these experiments are somewhat complicated, but it is never- 
theless apparent that this organism did not produce generalized tubercu- 
losis in the cow within a period of a year or fourteen months. 

A monkey received repeated injections of R1 tubercle bacilli in 1895 
and 1896. De Schweinitz and Schroeder (7) describe their procedure as 
follows: 


On September 10, 1895, this animal was inoculated with 0.25 cc. of an emulsion 
of a tubercle culture of the thirtieth generation. Culture had shown an active 
growth. On September 28, 1895, the injection with this material, 0.5 cc. 
of tuberculosis culture, thirty-second generation, was repeated and again on 
January 20, 1896, 2 cc. of tubercle culture, thirty-third generation. At the 
seat of the first and second injections small nodules were found, while no local 
lesion was noted at the seat of the third injection. 

On April 9th the monkey was found dead. There were no signs of tubercu- 
losis and the small nodule formed at the time of the first two injections had 
become absorbed. This attenuated germ was, therefore, innocuous to the 
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monkey, though, as noted before, it had been obtained, from an originally 
very virulent germ. 


Other animals were also inoculated with the R1 strain of tubercle 
bacilli and in them it also produced little permanent or serious damage. 
Abstracts of three such experiments from the Saranac Laboratory notes 
are appended: 


Experiment 71: Sheep immunity, culture R1, attenuated: Dr. Baldwin. 
April 22, 1895: No. 1 sheep in good condition. Injected 10 cc. thick 
emulsion strained (through cloth) culture Ri, twenty-first generation, age 


1 month, into vein. 
May 16: Good condition. Injected 10 cc. Ri, twenty-second generation, 


thick emulsion, intravenously. 

December 15, 1895, to March 10, 1896: Treated with tuberculin. No 
constitutional symptoms. Had been emaciated and weakened since last dose 
of tuberculin. 

May 21, 1896: Dying; so bled from jugular vein. 

Autopsy showed no evidence of tuberculosis in any organ except some 
nodules in the wall of the intestine and some caseous spots in the mesenteric 
lymph nodes. These were not examined microscopically and may well have 
been lesions of the parasitic disease so common in sheep. 


In February, 1897, Dr. Baldwin started to immunize an 800-pound 
horse with subcutaneous injections of the Ri culture. It received 20 
cc. of a “thick emulsion” of this culture grown on acid-bouillon and 
again, after three weeks, 25 cc. injected subcutaneously. Abscesses 
which subsequently healed followed each injection. Unfortunately the 
result of these inoculations is unknown. An undated note made at some 
time after April 8th states that the experiment was discontinued as the 
horse became unmanageable and developed “diseased joints.” At 
least it survived a heavy subcutaneous injection of R1 for a month-and-a- 
half. 

The Bureau of Animal Industry also had experience with horses inocu- 
lated with R1 bacilli, for in the paper of de Schweinitz and Schroeder 
already mentioned (7) it is stated that their experiments “show con- 
clusively that from an originally virulent germ we have succeeded in 
obtaining an attenuated germ which, even in large doses, is apparently 
harmless to guinea pigs, rabbits, cattle, horses and monkeys.” 

There are Saranac Laboratory records of the inoculation of goats, but 
these experiments are complicated by early reinoculations and other 
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injections, so that they have little significance in relation to virulence of 
the R1 strain. Asses were also inoculated, but these animals are so 
highly resistant to all strains of tubercle bacilli that these tests are of no 
interest in this connection. 

The cause of loss of virulence of the R1 strain was as much a mystery 
then as it is to-day. De Schweinitz thought that the acidity of the me- 
dium on which it was grown was responsible, but Dr. Trudeau believed 
that prolonged cultivation in an artificial environment was responsible. 
On slightly acid potato attenuation was more rapid than on serum, but he 
observed that these media differed in other respects than that of reaction. 

To secure a still further attenuation of the R1 strain, so that it might 
be used with absolute safety as a vaccinating agent, Dr. Trudeau and 
Dr. Baldwin performed many experiments between 1894 and 1901. 
It was grown on different media, to which a variety of substances, such 
aS mannite, ammonium carbonate, glycogen, etc., were added. In no 
case were the results sufficiently striking to warrant publication. Viru- 
lence tests labeled ‘Attenuation by Time” were frequently done, but the 
cause of the attenuation has never been disclosed. It may be due to 
peculiarities inherent in the organism. 

The early history of the R1 strain has been treated in such detail 
inasmuch as recent developments have raised the question whether it 
may not have been originally of bovine type. The facts that the 
patient from whom it was isolated was probably a child dying of miliary 
tuberculosis, and that it was originally passed through a rabbit in which 
the disease progressed from the point of inoculation in the eye to the lung, 
have been used as arguments to support this contention. However, 
bovine tuberculosis is relatively uncommon in this country, even in 
children, and without the support of carefully measured doses the 
character and extent of the disease in rabbits is of little significance. 
The dosage employed may well have been liberal, for such practice was 
common in many of the early experiments. The bovine bacillus as a 
special type and the Park and Krumwiede rabbit-virulence test were of 
course unthought of in 1891. Therefore this evidence is inconclusive. 
On the other hand, the strain was recovered on glycerol sheep-serum and 
the inhibitory effect of glycerol upon bovine tubercle bacilli, particularly 
in the early generations, is well recognized. Dr. Dorset (5), who worked 
with the culture as early as 1894, recalls that it grew profusely on ordi- 
nary media and that its characteristics were those of a human organism. 

While there are several statements by Dr. Trudeau and others that its 
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virulence for rabbits as well as guinea pigs was pronounced at first, the 
records of dosage are lacking. Two years later, when the records of 
actual experiments do become available, we find repeated reports of the 
injection not only of rabbits but of calves and a monkey as well as sheep 
and horses, all without any appreciable effect. In the same period 
several goats were also inoculated, but most unfortunately their records 
are not complete. The virulence for guinea pigs on the other hand was 
still definite though decidedly diminished. 

Had the organism been of bovine origin it is hardly likely that the 
strain would have lost its virulence for rabbits and cattle before it did for 
guinea pigs. As will be shown later, a very appreciable number of guinea 
pigs in different laboratories have died of generalized tuberculosis after 
inoculation with R1, but subsequent to the six years’ period of cultivation 
mentioned by Dr. Trudeau there is no record that anyone has suc- 
ceeded in killing a rabbit with it. 

The next conspicuous work with the R1 bacillus was that of Krause. 
In 1910 he and Dr. Trudeau (9) reported on “the effect of administration 
of tuberculous lymph nodes on experimental tuberculosis,” and at that 
time R1 regularly failed to produce progressive tuberculosis in guinea 
pigs. They inoculated twenty-four of these animals subcutaneously 
with 0.25 mgm. of this bacillus. After three months had elapsed they 
began to kill their animals in groups of two or three at intervals of about 
two weeks. The infection in all of them was uniformly mild. There 
were local cold abscesses in those first killed but, as a rule, in those 
allowed to live longer, this lesion had healed. There was lymphoid 
hyperplasia, but never caseation in the superficial inguinal lymph nodes. 
The infection apparently tended toward spontaneous healing. One 
animal killed almost a year later showed no evidence of tuberculosis, and 
another only slight hyperplasia of the right inguinal node. 

In 1916, Krause (10) writes: of subcutaneous inguinal infection of 
guinea-pigs with R1: 

Only under exceptional conditions, pregnancy, intercurrent disease, excessive 
or repeated dosage, will macroscopic tubercle develop in the spleen, or with 
extreme rarity in the lungs or liver . . . . I have carried some guinea pigs 
that I inoculated subcutaneously with R1 for two years or more. At the end 
of this time I found all the viscera clean and normal to the nakedeye . . . . 
and with the exception of a slight enlargement . . . . the superficial 
inguinal lymph glands were almost normal in appearance. Cutaneous tests 
before death, however, proved such animals to be still hypersensitive to tuber- 
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culo-protein, and histological examination revealed microscopic tuberculosis 
in the superficial inguinal glands. One to two years after inoculation the 
animals are always sleek, fat, lively and in apparent perfect health. 


In another paper of the same year Krause (11) says: “Strain R1 will 
always produce regional lymphatic gland tuberculosis after subcutaneous 
inoculation but will hardly ever cause gross visceral lesions . . . . it 
has never, in my observation, produced lesions sufficient to cause death.” 

A review of the experience at the Saranac Laboratory with the R1 
bacillus during the period from 1917 to 1921 will be found in a paper by 
Baldwin and Gardner (12). Dr. Baldwin had used this organism very 
extensively in his study of inhalation infection and the methods for 
producing it. 

In his early work on this subject, guinea pigs were confined in a box 
into which was blown a cloud of dry powdered Ri bacilli. Some of the 
animals were heavily infected and died with tuberculosis of the lungs, 
spleen and liver. Subinoculation of portions of their organs into other 
guinea pigs generally failed to produce progressive tuberculosis in the 
second animal. In some cases, however, this did happen and the progres- 
sive disease was then ascribed to excessive dosage, to poor condition of the 
animal or possibly, in one instance, to mistaken identity. In the same 
report are mentioned seven guinea pigs, injected subcutaneously with 
0.1 cc. ‘of a coarse suspension” of glycerol-broth culture of R1, five 
of which at death, a year or more later, showed generalized tuberculosis. 
Excessive dosage was given as the cause, as, with one exception, sub- 
inoculation of the tissues of these guinea pigs failed to produce progres- 
sive disease. It would appear that during this period fatal tuberculosis 
from Ri infection by subcutaneous inoculation as well as by inhalation 
was a more frequent occurrence than at the time when Dr. Krause was 
in the laboratory. 

Further experience demonstrated that inhalation infection with bacilli 
in the form of dry powders was uncontrollable, and therefore the 
method was superseded by sprays of dilute, salt-solution suspensions of 
the organisms. Infection by the latter technique has been most satis- 
factory. Overdosing rarely occurs and only very occasionally does an 
animal escape infection. 

Since 1920 a great number of guinea pigs have been infected with R1 
bacilli in this manner, With a moderate dosage (15 to 20 isolated bacilli 
per oil-immersion field in smears of the suspension placed in the “‘vapor- 
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izer”) the majority of the animals develop primary tubercles in the 
subpleural portions of the lung, followed later by the development of 
disease in the tracheobronchial lymph nodes. Subsequent experience 
has shown that after the inhalation of more dilute suspensions of bacilli 
(1 bacillus per field) no pulmonary tubercles usually form, but that only 
the lymph nodes of the mediastinum are involved. With R1 organisms 
the primary lesions in the lung develop typically and reproduce all of the 
classical phases of anatomical tubercle up to and through the stage of 
caseation. But they rarely spread and under ordinary circumstances 
they undergo complete resolution. The details of this process have been 
described by Gardner (13). Disease in the lymph nodes draining the 
lung generally persists for a very long time, although the foci may be 
isolated and of microscopic dimensions. Macroscopic involvement of the 
abdominal viscera has been exceedingly rare, although a few micro- 
scopic noncaseous tubercles may be discovered in the spleen and liver. 
These lesions also ultimately heal. 

Experience with Ri infection in conjunction with experimental 
pneumonoconiosis has demonstrated that dust inhalation materially 
modified the character of the infectious process and, furthermore, it has 
been shown that different types of inorganic dust vary greatly in the 
effects which they exert. 

For example, work at the Saranac Laboratory indicates that, when the 
dust inhalation is begun at the time of infection, marble and soft coal 
have little or no influence upon the course of an R1 infection; granite 
and asbestos usually delay the normal process of resolution, so that 
caseous matter persists and becomes calcified, a process attended by 
extensive fibrosis; carborundum and quartz have, in the majority of 
instances, stimulated the infection, so that it becomes progressive. In 
the case of carborundum the progress of the tuberculosis is generally 
confined to the lungs and lymph nodes which drain them, but with 
quartz the abdominal viscera are also involved. If a spread of the 
infection is to occur it does not usually begin until the dust inhalation 
has been in progress for three or more months. (Dust exposures of 
eight hours daily.) 

Partially healed R1 inhalation infections can be reactivated and 
rendered progressive, often with fatal results, if exposures to quartz, 
carborundum and occasionally granite dust are begun a year or more 
after infection. The details of these studies have been published else- 
where.® 

3 Marble (14), granite (15), carborundum (16), reactivation (17), asbestos (18). 
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Finally, unreported experiments with quartz dust have demonstrated 
that when true silicotic lesions have been produced by exposures to 
quartz inhalation, a year or more in duration, the lung tissues become 
exquisitely sensitive to R1 bacilli. Under such circumstances generalized 
tuberculosis, often fatal within sixty days, follows an inhalation infection. 
In nonsilicotic control guinea pigs such infection produces only isolated 
subpleural tubercles which heal and disappear within a year or more. 

This brings the record of the usual experience with R1 strain of tubercle 
bacillus to a close. Subsequent papers of this series will deal with 
cases in which occasional animals inoculated with this organism have 
presented an unexpected amount of tuberculous involvement. 

This research has revealed no definite proof that the R1 bacillus may 
have been a bovine organism. In favor of such origin are its isolation 
from a child and its original power of producing progressive disease in 
rabbits. Opposed to it are the lack of definite knowledge of the dosage 
employed to infect these animals and the apparently eugonic character 
of its growth upon glycerol media. 

The history of its virulence for various species of animals is unusual. 
For two years after its isolation it was pathogenic for both rabbits and 
guinea pigs. After six years “‘in ordinary doses it did not kill rabbits and 
produced only very chronic lesions in guinea pigs or did not kill them at 
all.”” During the second year, ingestion and intravenous inoculation of 
large doses failed to incite progressive disease in the bovine species. 
Later, more calves and monkeys, horses, sheep, goats and asses were 
inoculated, apparently without ever producing generalized tuberculosis. 

Only for the guinea pig has some degree of pathogenicity persisted 
during the forty years of its cultivation on artificial media. This 
capacity is apparently not absolutely fixed but has fluctuated from time 
to time. Occasionally an isolated animal or group of animals has died 
with widespread but chronic fibroid tuberculosis. Whether this may 
not be a result of variation in the hosts, as is recognized to be the case in 
silicotic guinea pigs, is not yet certain. 
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A PROTEST AGAINST THE CONCEPTION OF ARREST IN 
PULMONARY TUBERCULOSIS AS OUTLINED BY 
THE CLASSIFICATION OF THE AMERICAN 
SANATORIUM ASSOCIATION 


LOUIS H. FALES! 


A questionnaire sent to an average group of phthisiologists of the 
United States shows that there is a great difference of opinion as to what 
constitutes an arrest in pulmonary tuberculosis. Of those who replied, 
40 per cent stated that they unqualifiedly followed the classification of 
the American Sanatorium Association, 44 per cent followed it with 
exceptions and reservations, while 16 per cent based their determination 
of arrest on other criteria. 

The American Sanatorium Association first adopted a classification in 
1909. Modifications have been made several times, the last in 1922, 
when the roentgen-ray was admitted into the classification. Since 1922 
there have been many advances in our knowledge of pulmonary tuber- 
culosis. We have, therefore, been trying to use a classification several 
years behind the times, a classification which does not at all coincide 
with the more recent developments. 

The advancement of our knowledge of pulmonary tuberculosis, which 
must be taken into consideration in a future schema of classification, 
will be briefly stated as follows: 


1: Our changed viewpoint in regard to réles: Bruns (1), after several 
years of research, has come to the conclusion that the most usual type 
of rales heard in pulmonary tuberculosis (those heard on inspiration, 
occurring in showers following an expiratory cough) are not due to 
moisture in the terminal bronchioles, as usually supposed. After careful 
experimentation on the cadaver, Bruns believes that the rales in question 
are due to the expansion of partially ¢ollapsed alveoli or lobules, the 
collapse being caused by infiltrating tubercles in a neighboring lobule, 
by contraction of fibrous bands, by pleural adhesions, etc. He further 
found the same type of rales present in all the different anatomical- 


1 Veterans Administration Hospital, Livermore, California. 
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pathological types of tuberculosis; also, in cases with fever or without 
fever, with expectoration or without expectoration, and in arrested 
cases, aS well as active cases. Bruns concludes, therefore, that these 
rales, which he calls parenchymal rales, do not necessarily mean active 
tuberculosis or even tuberculosis at all, are not due to moisture, and are 
more of the nature of atelectatic rales. 

Heise (2), of Trudeau Saratorium, has recently published some very 
timely articles on rales. In one of these it was his object to show that 
the increase or diminution of rales in pulmonary tuberculosis was of very 
slight value in determining the patient’s progress. His conclusions were 
drawn from the study of 412 records over a six months’ period. He 
divided his cases into four classes: 


Class A: When rales over a period of six months remained the same as to 
area and character (111 cases): 103, or 93 per cent, showed X-ray improve- 
ment; 2, or 2 per cent, showed X-ray increase; 6, or 5 per cent, showed no 
change. 

Class B: When rales were found over a greater area (92 cases): 65, or 71 per 
cent, showed X-ray improvement; 5, or 6 per cent, showed no change; 22, or 
23 per cent, showed X-ray increase. In class B, if the clinician had come to 
the conclusion that the patients were worse because they had an increase in 
rales, he would have been 23 per cent right and 77 per cent wrong. 

Class C: When rales showed a diminution of area (83 cases): 73, or 88 per 
cent, showed X-ray improvement; 5, or 6 per cent, showed X-ray increase; 
5, or 6 per cent, showed no change. 

Class D: When rales appeared after treatment and not before (51 cases): 
40, or 78 per cent, showed X-ray improvement; 3, or 6 per cent, showed X-ray 
increase; 8, or 16 per cent, showed no change. In class D a clinician going on 
the theory that the appearance of rales means progression of disease would 
have been 94 per cent wrong and 6 per cent right. 


Our conclusion must therefore be that the increase or diminution of 
rales in pulmonary tuberculosis is of very limited value in depicting the 
anatomical changes which take place in the pulmonary lesion. 


2: Our changed viewpoint in regard to the value of constitutional symp- 
toms in determining activity of pulmonary tuberculosis: Much has been 
written during the last few years in regard to latent pulmonary tuber- 
culosis in children. Such children look well, feel well, have not lost 
weight, have no elevation of temperature, have no physical signs of 
disease, but roentgenograms show marked pulmonary infiltration. 
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McPhedran (3) remarks that, although the lesions are latent, they are 
usually active and often rapidly progressive, elevation of temperature; 
malaise, etc., being late manifestations of the disease. 

What is true of children as to latency is also true of beginning pul- 
monary tuberculosis of adults. Secondary adult tuberculosis, described 
by Redeker and others as an exudative infiltrate usually appearing in 
some portion of the upper lobe below the clavicle and not in the apex, 
must be considered in this connection. It is emphasized that such a 
lesion appears usually without physical signs and with either transient or 
no symptoms, and can, therefore, be recognized only by the roentgen 
ray. If not diagnosed in its incipiency and the proper treatment in- 
stituted, this type of lesion, being markedly active, may spread rapidly 
and is only recognized when fever, toxaemia, etc., appear, which are late 
developments. 

Again, when an active case of pulmonary tuberculosis, with loss of 
weight, elevation of temperature, rapid pulse, etc., is placed on continu- 
ous rest in bed, usually in a few months a great change occurs. There 
is gain in weight, the temperature and pulse become normal, and prac- 
tically all symptoms disappear. ‘This startling change has been our 
pitfall in the past. We formerly believed, and the idea still persists in 
some quarters, that pulmonary tuberculosis may be arrested in a few 
months. The roentgen-ray has demonstrated that, although clinical 
symptoms may disappear in a few months, the tuberculous pulmonic 
pathological changes clear and fibrose very slowly and heal only after 
years of prolonged and continuous rest. It is, therefore, not only recog- 
nized that a lesion which is progressive must be considered active but 
also that a lesion which is retrogressing must be considered active while 
changing tuberculous involvement remains, whether there are constitu- 
tional symptoms or not. 


3: Our present ideas as to the value of the roentgen-ray in diagnosis and 
in determining progress: During the early part of the present decade, 
the roentgen-ray had not even been admitted into the schema of classi- 
fication of the American Sanatorium’ Association. Physical findings, 
especially rales, were considered of prime importance. Amberson’s 
articles (4), published in 1921 and 1922, were most timely. He stressed 
the importance of the roentgen-ray not only in diagnosis but advocated 
the use of stereoroentgenograms, taken serially at two to four months’ 
intervals in order to determine the progression or retrogression of the 
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lesions in the lungs. He made plain the point that activity could be 
demonstrated, not by viewing one X-ray plate alone, but by determining 
if changes in the lesion were taking place by the comparison of a series of 
roentgenograms. ‘The medical profession has been somewhat slow in 
accepting Amberson’s views, but at present the leading clinicians and 
phthisiologists place their main reliance on the roentgen-ray, not only 
in diagnosis but also in determining the exact changes occurring in the 
lungs during treatment. 

Webb (5) states that the development of the X-ray in diagnosis and 
its use for the exact following of changes during treatment in tuberculosis 
is one of the most important developments of knowledge during the 
last quarter of a century. 

McPhedran (3) states that there is no method that records the tuber- 
culous invasion of the lungs and the progress or retrogression with 
accuracy approaching that of the X-ray. He states further: ‘The 
X-ray is the method of precision for detecting the presence and evaluat- 
ing the exact severity and direction of changes of a lesion. The roent- 
genogram is the pivotal point of early diagnosis and the guide and index 
of effective treatment.” 


4: Our increased appreciation of the value of rest in pulmonary tuber- 
culosis: Of all the alleged specifics and forms of treatment that have been 
advocated, rest alone has endured. At the beginning of the decade, 
patients were required to rest only when they had an elevation of tem- 
perature. After their temperature had reached normal limits for a few 
weeks, toxaemia had disappeared, and they had begun to gain weight, 
they were placed on graduated exercise. As stated above, clinicians, 
after adopting the study of serial roentgenograms, found how slow the 
clearing up of lung changes was in comparison with the improvement of 
the general condition of the patient. It seemed, therefore, only logical 
to continue rest until an anatomical arrest had been attained, and not 
merely a symptomatic arrest. 

Still further study of roentgenograms has shown what wonderful 
results can be obtained by continuance of prolonged rest without inter- 
ruption, especially when cavitation exists. 

Thus, rest at the present time is considered more than ever a specific 
for the cure of pulmonary tuberculosis. 

Graduated exercise, on the other hand, has come into disrepute except 
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when the pulmonary lesion has healed; only then should a patient be 
prescribed exercise. 


5: Certain laboratory procedures developed in the last few years are con- 
sidered by many a distinct advance in determining the physical condition 
of the tuberculous patient: Among the most important of these are the 
blood-sedimentation test as developed by Fahraeus (6), Greisheimer 
(7), and Cutler (8), and the new significance placed on the leucocyte 
count in pulmonary tuberculosis, as described by Medlar (9), Flinn 
(10), and others. 


With the above advances in our knowledge in mind, what are the cri- 
teria for a working classification in those essentials which will not only help 
clinicians in determining an arrest but will be a standard for all to follow? 

Such criteria must be easily understood. The wording must not be 
ambiguous and contradictory, as is found in our present classification, 
but should be concise and to the point. 

The following suggestions are based on the present developments of 
our knowledge of tuberculosis, aided by answers to a questionnaire which 
was sent to many of the foremost phthisiologists of the country. 

In this discussion, an arrested case and a healed lesion are considered 
synonymous. In the past, there has been too much guess work as to 
what constitutes an arrested case. Some clinicians, as noted in our 
questionnaire, consider a tuberculous patient arrested when he seems 
clinically well and has no bacilli in his sputum, whether this condition has 
lasted for a month or a year. Others would consider a case arrested only 
when a well-fibrosed stationary lesion, as seen by serial roentgenograms, 
has existed for two years. The first group is evidently confusing arrest 
with latency. A latent case, as stated above, may be active. 

Our endeavor in the treatment of pulmonary tuberculosis is to cure our 
patients, not merely to alleviate symptoms and send them back to work, i 
only to have them return in worse condition than before. Sanatoria A 
which send out patients with a symptomatic arrest only report that from - 
25 per cent to 50 per cent of such patients are dead within five years. 
We must, therefore, have in mind an anatomical arrest, not a sympto- 
matic arrest. This view should be the basis of a classification: 


1: Constitutional Symptoms: In the past, constitutional symptoms 
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have been considered very important in determining activity. This is 
a very crude method, and it is equally crude to state that the absence of 
constitutional symptoms indicates quiescence or the absence of activity. 
Elevation of temperature, rapid pulse, etc., may be due to other causes 
and the active case under treatment may have a normal pulse and tem- 
perature. The schema of classification of the American Sanatorium 
Association states as follows: ‘“‘Arrested—All constitutional symptoms 
and expectoration with bacilli absent for a period of six months.” The 
author of the above statement must have had in mind a symptomatic 
arrest, as it would be quite unusual to have an anatomical arrest within 
six months after all constitutional symptoms had disappeared. Also, 
if the criteria for arrest, as determined by the roentgen-ray as suggested 
in the next few pages, are followed, it would be quite unusual to have 
constitutional symptoms enter the picture, as they are usually absent 
for years before an arrest is reached. 

We would suggest the following as to constitutional symptoms: All 
constitutional symptoms that are reasonably certain to be due to tuber- 
culosis and bacilli in sputum to be absent for at least one year. That 
constitutional symptoms are absent does not necessarily mean quies- 
cence or inactivity. Such cases must be checked up by serial roentgeno- 
grams, which should be the deciding factor. 

In the present schema of classification, a quiescent case is described as 
follows: ‘“‘Absence of all constitutional symptoms, expectoration and 
bacilli may or may not be absent; physical signs and roentgen findings 
to be those of a stationary or retrogressive lesion, the foregoing to have 
existed for at least two months.” Under the above definition, it is 
entirely possible and probable for a quiescent case, as above described, 
to have extensive parenchymal infiltration with cavitation. The term 
quiescent, therefore, as described by the present classification, only means 
there are no constitutional symptoms. Such cases are usually ana- 
tomically active and require years of treatment. Itisillogical to set a time 
limit and expect an arrest in six months. Why, therefore, call them 
quiescent? We doubt if this term should be used in a future 


classification. 


2: Physical Findings: If we are to accept the newer teachings of 
Bruns and Heise as to physical findings, and especially as to rales, we 
can come to but one conclusion. Physical findings have no place in a 
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schema of classification as a criterion for the determination of an arrest 
in pulmonary tuberculosis. 


3: The Roentgen-Ray: The present schema of classification gives the 
following X-ray definition of a healed lesion: ‘“Roentgenograms to show 
clearing, fibrosis, calcification, or a stationary condition.” 

This statement is very ambiguous and has caused much controversy 
and misunderstanding, as is very evident from the answers to the ques- 
tionnaire. Does it mean that clearing is still going on or is it completed? 
It is well to note the “or.” Does it mean that we have two alternatives 
on which we may determine an arrest: clearing fibrosis and calcification 
on one hand; a stationary condition on the other? ‘These are very vital 
points, and are not made clear and it is impossible to guess the intention 
of the authors. 

While clearing? of the tuberculous lesion continues, as seen by compari- 
son of roentgenograms, we must assume that the lesion is still unstable 
and activity exists. The majority of the clinicians who answered the 
questionnaire are of this opinion. 

McPhedran (11) expresses this idea as follows: 


A patient in whom pulmonary infiltration appears as soft ill-delimited spots, 
especially if these tend to confluence, should be treated by rest in bed until the 
futility of such care is proved by adequate observation. So long as sucha lesion, 
roentgenographically recorded at three months’ intervals, continues to show a 
material retrogression from one quarterly record to the next, the patient must 
be regarded as one who is still in need of the benefits of rest in bed. Such a 
lesion is clearly very unstable. 


On the other hand, can we assume when retrogression has come to 
an apparent standstill, as seen by comparison of the roentgenograms, that 
healing has taken place? Other factors must enter the picture. The 
lesion must not only have become stable but it must appear hard, in 
other words, fibrosed. 

Another factor is time. We are not justified in saying that a lesion, 
even if hard, is healed the first time a quarterly interval comparison of 


Clearing must be distinguished from the contraction of fibrosis. It occurs as retro- 
gression progresses and the appearance of the lesion is more or less soft. When the lesion 
becomes delimited and hard, changes may take place slowly, extending over some years, 
but these changes are usually due to the contraction of fibrosis. 
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roentgenograms shows a stationary condition. The stable condition 
should continue for some months. McPhedran (3) supports this view. 
He states: “The best evidence of a healed lesion is to be found in the 
sharp dense strands which remain stable for months under competent 
roentgenographic control.” 

With our present knowledge of tuberculosis and backed by the authori- 
ties quoted, it is only logical to include in the roentgen-ray criteria for 
a healed lesion the following: 


: A stable or stationary lesion. 

: A hard, well-fibrosed lesion. 

: A lesion which has remained stationary or stable for months. 

: The above three points to have been determined by a competent roentgenol- 
ogist using a proper technique and a satisfactory roentgen-ray plant. 


Some of the clinicians of our questionnaire say that a time require- 
ment should not be arbitrary. Others believe a time requirement ad- 
visable. The time as suggested varied from six months to three years, 
the average time being thirteen months. Forty per cent are of the opin- 
ion that six months is sufficient. Twenty per cent suggested that one 
year be the time, while 25 per cent believed that the time should be two 
or more years. No statistics are available to throw light on this point 
and only the study of a long series of cases, intelligently followed up, 
can give us the answer. When in doubt, it would seem more reasonable 
not to adopt too short a time, as a reactivation is a serious mishap and 
may not only take years to rectify but may also mean the death-warrant 
of the patient. We believe that a schema of classification would not go 
far wrong if one year were adopted, the last six months to be the try-out 
period. 


4: A Plan for Graduated Exercise to be included in the Schema of Classi- 
fication: Our present schema of classification offers nothing in the way 
of a try-out to determine if arrest is complete before patients are dis- 


3 Although the four points stated will serve as criteria for arrest in most cases, there are 
two types in which they cannot be used fully: (A) Exudative types in which the infiltrate 
is absorbed, leaving no trace. No. 2, of course, does not enter the picture. (B) Old cases 
in which the shadows caused by fibrosis, pleural thickening, etc., are so dense that other 
shadows possibly caused by areas of infiltration are obscured. Such cases, when found to 
have acquired the criteria as stated, should only be considered arrested after prolonged 
periods of observation. 


| 
i 
i 
i 
; 


CONCEPTION OF ARREST 599 


charged to go back to their former life. The questionnaire shows that a 
few clinicians place their main reliance in determining arrest on what 
they call the physical capacity of the patient and practically ignore the 
roentgen-ray findings. They begin graduated exercise early, long before 
a healed lesion has occurred. I have seen many cases develop extensive 
extensions from such practice and am inclined to agree with Landis (12), 
who states that “when we have become convinced that the pulmonary 
process has become healed, then and not until then may the patient be 
given exercise.” 

The try-out period, however, with graduated exercise, is so important 
that we believe that it should comprise a part of a future schema of 
classification. 

We would recommend that when a tuberculous lesion, by comparison 
of serial roentgenograms, appears fibrosed and remains stable for six 
months, the patient be required to take graduated exercise for three 
months, and finally that the last three months be spent as nearly as 
possible under the patient’s probable future conditions of living. 


5: The Blood Sedimentation Test and the Leucocyte Count as Criteria 
for the Determination of Arrest: Baum (13) believes that the blood 


sedimentation test is above everything else in value for determination 
of a healed lesion. 

McPhedran (14) believes that the sedimentation test and monocyte- 
neutrophile lymphocyte count may emphasize retrogression, but, if 
absent, should not nullify roentgen-ray evidence of instability. 

Although the above laboratory procedures are no doubt of consider- 
able value in determining stability and instability in pulmonary tuber- 
culosis, we are hardly ready to include them in a schema of classification. 

Another deficiency of the classification of the American Sanatorium 
Association is that it is based almost entirely on the extent of the pul- 
monary involvement. We believe there should be combined with it an 
anatomicopathological classification. Since the increase of the im- 
portance of the roentgen-ray, we are becoming more and more able to 
differentiate the well-known types of pulmonary pathological processes. 
A quantitative classification is no longer sufficient. It is very essential 
that we know the type of tuberculosis present, not only for prognosis, 
treatment, and statistics, but for affording a common nomenclature for 
the clinician, roentgenologist, and pathologist. 
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SUMMARY 


1. The present classification of the American Sanatorium Association 
has never been satisfactory on account of its ambiguousness; and, 
owing to the advances made in our knowledge of pulmonary tuberculosis 
during the last ten years, it is doubly unsatisfactory. 

2. On account of the latency of pulmonary tuberculosis and the well- 
being of patients following rest, without corresponding changes in the 
anatomical condition of the lungs, lack of constitutional symptoms should 
receive but slight consideration in determining an arrest. On the other 
hand, constitutional symptoms, if found to be due to tuberculosis, may 
be considered an expression of activity. 

3. As it seems to have been conclusively demonstrated that physical 
findings, especially rales, are of no value in determining progression and 
retrogression of a tuberculous lesion, it follows that they have no place 
in a schema of classification. 

4, The roentgen-ray must be considered the main reliance in deter- 
mining an arrest or a healed lesion and should receive this place of 
prominence in a schema of classification. When, by the comparison of 
serial roentgenograms at quarterly intervals, a lesion is found hard and 
fibrosed, and has remained stable for six months, we consider that an 
arrest has been attained, provided an additiona] six months is passed 
with carefully graduated exercise and observation without reactivation 
of the disease. 

5. A future schema of classification should take into consideration 
the type of tuberculosis present, not merely the extent of the lesion. 
This is very essential, not only as a guide for prognosis and treatment, 
but for affording a common nomenclature for the clinician, roentgenol- 
ogist, and pathologist. 
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SCAPHOID SCAPULA AND PULMONARY TUBERCULOSIS 
A Survey of 325 Cases at the Missouri State Sanatorium (1930)! 
HARDY A. KEMP 


Graves’s discovery” of the age-incidence of scapular types, following 
his extensive investigations of various groups of human beings repre- 
senting living, necropsy and skeletal material, is a finding as yet un- 
paralleled in mammalian morphogenesis. Simply stated, he has found 
that scapulae having convex vertebral borders increase, while scapulae 
having concave vertebral borders decrease in frequency of occurrence 
during successive age-periods from birth to old age. He has also found 
that no process or circumstance, as yet known, changes one scapular type 
into another after the earliest formation; hence, the inference is tenable 
that the straight and concave-bordered scapulae are more often found 
than are the convex in ‘‘the plus potentially sick,” the shorter-lived of the 
race. Graves has found that groups generally recognized as normal, 
such as public-school children between six and fifteen years of age, show 
approximately 35 per cent convex type of scapula and 65 per cent scaph- 
oid (concave and straight) type of scapula. In old people beyond sixty 
years approximately 65 per cent have convex scapulae and 35 per cent 
have scaphoid scapulae (1). 

This is a finding of very definite clinicobiological importance, because 
it calls attention at once to the relation of human constitutionality in 
general to the varying capacities for adaptation,—excellent, good or 
poor. It is especially important in pointing unerringly to a group in our 
population as a whole in which will be found the largest numbers of the 
sick, or those whom Graves terms ‘“‘the plus potentially sick of the race.” 
Graves does not mean that every individual possessing the scaphoid type 
of scapula is a weakling nor that every individual possessing the convex 
type of scapula is a person of superior biological excellence. Graves has 


1From the Department of Bacteriology, Hygiene and Preventive Medicine, Baylor Uni- 


versity College of Medicine, Dallas, Texas. 
2 Graves’s publications on this subject are too numerous to be listed here. 
list of references may be found with “Relations of Scapular Types to Problems of Human 


Heredity, Longevity, Morbidity, and Adaptability in General,” Archives of Internal Medi- 
cine, xuxiv, 1-26, (July) 1924. 


An extensive 
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repeatedly stated that not a few individuals having scaphoid scapulae in 
any degree are among the best human types, and, similarly, not a few 
having convex scapulae are among the most defective human types. 
His writings are generously interspersed with the statement, “the part 
can never be greater than the whole.” 

The ultimate problem upon which Graves has been working for many 
years is the correlation, both mental and physical, in each scapular type. 
Whatever may be the outcome of this study, we have in the age-incidence 
of scapular types alone a means of determining through statistical 
methods the biological quality (adaptability) of our own stock and that 
of other countries. It is, then, a means which lends itself generously 
toward the investigation of the unsettled problem of phthisical habitus; 
for, quoting Calmette (2): 


There has been much discussion in recent years at congresses devoted to the 
study of tuberculosis as to whether children born of tuberculous parents but 
not infected themselves and not harboring bacilli at birth often bring into the 
world with them certain organic deficiencies which render them more sus- 
ceptible to infection than children born of healthy parents. This is one of the 
most important problems in determining the direction to be taken by anti- 
tuberculosis campaigns. . . . . It would seem to be rather a matter of 
structure or special arrangement of lymph glands and lymphatic apparatus. 


There has been very little published concerning the relation of scaphoid 
scapula to tuberculosis. Pottenger (3) in his text-book makes mention 
of the “Graves phenomenon.” In the Fourth Henderson Lecture, de- 
livered at Edinburgh in October, 1925, Graves gives a report of a per- 
sonal communication from Captain L. L. Maurer, M. C., U. S. A,, 
giving a tabulation made at Veterans Bureau Hospital Number 41, 
New Haven, Connecticut, in 1923-4—5, of a tuberculous group of de- 
mobilized service men. Maurer found that 73 per cent of 939 cases of 
pulmonary tuberculosis, white men, ages twenty-five to thirty-nine, 
were individuals having scaphoid scapulae. In 1928 I (4) published a 
tabulation of scapulae found among patients at the Missouri State Sana- 
torium at Mount Vernon, Missouri. 

In contrast to the paucity of material dealing with the relation between 
scaphoid scapula and tuberculosis a survey of Graves’s many publications 
will yield a large amount of definite information on the high percentage- 
occurrence of scaphoid scapula in the constitutionally inferior types of 
our population, namely, insane groups and other mental defectives such 


4 
{ 
is 
4 
ia 


604 HARDY A. KEMP 


as criminals and prostitutes. A study of the facts which Graves presents 
cannot but stimulate a healthy interest in the application of his prin- 
ciples to the problems yet to be solved in the prevention of tuberculosis. 
His Relations of Shoulder Blade Types to Problems of Mental and Physical 
Adaptability, delivered as the Fourth Henderson Lecture at the University 
of Edinburgh, October 16, 1925 (5), is of surpassing interest and this 
thesis together with Methods of Recognizing Scapular Types in the Living 
(6) may well be taken as a guide for further investigation of this phe- 
nomenon. 

The study here presented is a tabulation of the occurrence of scaphoid 
scapula at the Missouri State Sanatorium at Mount Vernon carried out 
in the summer of 1930. The data includes 325 white patients, inale and 
female, whose ages range from two to sixty-four years. The occurrence 
of scaphoid scapula in these patients is tabulated for the various decennia 
of life, a correlation of family history with scaphoid scapula is offered, 
and, as far as possible, an investigation is made of the relation of scaphoid 
scapula to the extent of the disease. Finally, some notice is taken of the 
significance of mixed types of scapula in one individual. Except for 6 
patients, the cases included here are entirely different from those re- 
ported by me (4) in 1928. 

For comparative value these figures require some definite norm and 
such is to be found in the occurrence of scaphoid scapulae in at least 65 
per cent of individuals below fifteen years of age, the remaining 35 per 
cent having convex scapulae, while in individuals over sixty years of 
age the percentages are reversed, 65 per cent having convex scapulae and 
the remaining 35 per cent having scaphoid scapulae. A study of Graves’s 
work will show that the transition from one predominating type to the 
other is gradual and, if plotted graphically, the result would be shown as a 
relatively straight line. 

In a tabulation of this kind there is, usually, little to be gained from 
computation of the percentage of scaphoid scapula in the entire group. 
However, we do find in the 325 patients, whose average age was in the 
third decennium of life, that 63.9 per cent of the entire group had scaphoid 
scapulae. ‘The truly significant findings in this tabulation are to be found 
in a study of the percentage occurrence of scapular types within the 
various age-groups. For such a study Graves has suggested that (7) 


in tabulating results of classification in each age period, one should arrange 
columns headed: age period, convex, straight, concave; and other columns 
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headed: convex-straight, convex-concave, straight-concave, and not-classified. 
. . The total number of persons in each mixed type column should 

. . be divided equally and one-half the number apportioned to each 
column represented in a mixed type. For example, we find twenty-five 
individuals in a column headed ‘“‘convex-straight,” 12.5 of this number is 
. added to the column headed “straight”? and 12.5 to the column 
headed convex. One should also figure and tabulate (as above) the per- 
centages of mixed types (as a whole) and of the not-classified in each age 
period for comparison with other age periods, other material, and with tabula- 
tions of other examiners. 


Such a tabulation of the cases here reported is given as table 1 and a dis- 
cussion of these figures follows. 

The percentage occurrence of scaphoid scapula within the first two 
decennia of life in this study is remarkably higher than we ordinarily 
find it in any given “well” group of this same age-period. In our cases 
we find 82.8 per cent in the first decennium and 86.8 per cent in the 
second decennium listed as having scaphoid scapulae. In the third 
decennium our figures come nearer to those reported in Graves’s studies 
of “normal” groups. He reports (5) 57.8 per cent scaphoid scapula in 
the third decennium of life from studies made on dissecting-room ma- 
terial (458 white cadavers, Western Reserve University). This figure 
is higher than those reported to Graves in personal communications from 
Ball, Butts and others from their studies on well or ‘‘normal” groups. 
In one of these reports (see Fourth Henderson Lecture) Loughlin stated 
that he found 52.8 per cent scaphoid types among university students 
between twenty and thirty years of age. Ball (5) reported from ex- 
aminations of 2,738 overseas service men, diagnosed as physically and 
mentally fit at the time of their demobilization, that 50.5 per cent be- 
tween the ages of twenty and thirty had scaphoid scapulae. It is notable 
that only 13.2 per cent of these had definitely concave shoulder blades, 
the remaining 37.3 per cent having straight-bordered scapulae. 

In the third-decennium group in our cases 60.4 per cent had scaphoid 
scapulae. This is less than the figure reported to Graves by Maurer 
(73 per cent) for a similar age-group (vide supra), and much less than the 
figure I gave in 1928 (4) for a group in the same age-period. For this 
particular group I reported a percentage-occurrence of 91.5 per cent. 
I am ready to admit that this figure is in error, and feel that the mistake 
was due in many instances to taking into consideration a general scaphoid 
contour of the entire vertebral border of the scapula effected by a mark- 
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edly overhanging base of the scapular spine. Scaphoid scapula is diag- 
nosed only when at least two-thirds of the vertebral border below the spine is 
straight or concave. Ido not believe that the error in my 1928 publication 
is as great as 30 per cent, because the patients in this 1930 series are 
remarkably better types. For proof: Of the 256 scaphoid types in the 
1928 publication, 58.5 per cent were far-advanced cases, 16.0 per cent 
were moderately advanced, 17.1 per cent had minimal involvement and 
8.4 per cent were reported as hilum cases. In this (1930) series only 
45.7 per cent are far advanced, 19.0 per cent are moderately advanced 
cases, 14.2 per cent are minimal, and 21.0 per cent are hilum cases. It 
is my feeling at this time that the 1928 reports should have been some- 
where nearer Maurer’s figures (73 per cent), and that the error made in 
1928 was something near 15 per cent. The 1930 tabulation was made 
in company with Dr. Graves and, if it is in error, the mistakes were 
purposely made to favor a high convex count. All borderline cases were 
listed as convex. 

While the above differences between scapular types in the third de- 
cennium may not be so marked, the differences in percentages of convex 
types in the fourth and fifth decennia and the percentages of convex 
types reported for well groups of the same age-periods are rather distinct. 
Graves reports (7) dissecting-room material as 53.3 per cent and 60.1 
per cent convex for the fourth and fifth decennia respectively. Table 
1 shows only 46.4, and 48.6 per cent convex types occur in the same 
two age-groups in this series of cases. In the sixth decennium of this 
series we find what might be expected if we accept Graves’s interpretation 
of the age-occurrence of scaphoid scapula, namely, that convex scapulae 
may serve as an index to resistance to tuberculosis. Nine of the sixth- 
decennium group here reported were pure-type convex (both scapulae 
convex), two had straight scapulae, and one had concave. To say that 
the finding of such a high percentage-occurrence of convex types in this 
group is attributable to the high resistance to long-standing tuberculous 
infection will agree with a recent communication from Dr. Graves in 
which he authorizes me to say that his studies, now based upon 35,000 
observations, warrant this statement: ‘Investigations of segregated sick 
groups, such as the tuberculous, insane, feebleminded, and prison groups 
show definitely larger percentages of straight and concave (scaphoid) types 
than supposedly healthy groups of the same age periods.”’ The con- 
nection between these two statements lies in the postulation: The convex 
types have survived thus long, while the scaphoid types have succumbed 
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before reaching this advanced age-period. Had they not succumbed we 
would find them, too, under sanatorium treatment. We do not find the 
scaphoid types in the majority or even in equal numbers in well groups of 
aged individuals: they have already fallen a prey to their infection. 


TABLE 1 


General classification ~ 


| 15 a 
Y> 9 4 
4 14 6 
4-.5-.5—5 |14-.5-1.5—16 | 6.5-1.5— 8 
5 (17.2%) 24 (82.8% scaphoid) Be 
6 25 24 L 
10-19 {| 6-3-0— 9 25-3-3.5—31.5 | 24-0-3.5- 27.5 
9 (13.2%) 59 (86.8% scaphoid) a 
39 33 21 
20-29 {| 39-10-.5— 49.5/33-10-5.5— 48.5] 21-.5-5.5— 27 
49.5 (39.6%) 75.5 (60.4% scaphoid) 125 h 
17 13 6 4 
30-39 {| 17-5.5-1— 23.5]13-5.5-.5—19 6-1-.5— 7.5 i 
23.5 (46.4%) 26.5 (53.6% scaphoid) 50 a 
17 15 2 a 
40-49 {| 17-1-0— 18 |15-1-.5— 16.5 | 2-0-.5—2.5 
18 (48.6%) 19 (51.4% scaphoid) a 
9 2 1 
50-59 {| 9-2-0— 11 2-2-0— 4 1-0-0— 1 
11 (68.75%) 5 (31.25% scaphoid) 16 
92 102 60 23 | 325 


Further connection between scaphoid scapula and resistance to tuber- 
culosis may be found in a study of family history in the three types: 
convex, scaphoid and mixed (convex and scaphoid in one individual). 
The 92 convex types in this series were evenly divided for positive and 
negative family history. Of the 185 pure scaphoid types 125, or 67.5 a 
per cent, had a positive family history; 55, or 29.72 per cent, had a 
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negative family history; and 5, or 2.70 per cent, had a questionable family 
history. In the mixed (scapular) group of 48 cases, 66.6 per cent had a 
positive family history while 33.3 per cent had negative family history. 

The fact that nearly 70 per cent of the scaphoid types had a positive 
family history, compared with the even distribution of family history in 
the convex types, seems to emphasize the point that scaphoid scapulae are 


TABLE 2 
Convex types and family history 
(The 92 cases included in this table are almost equally divided both as to family history 
and involvement.) 


Patients (convex types) having positive family history and 
a diagnosis of: 
Far-advanced pulmonary tuberculosis 21 (45.6%) 
Moderately advanced pulmonary tuberculosis 2 ( 4.3%) 


23 (50% of Pos. F. H. group) 
Minimal pulmonary tuberculosis 14 (30.4%) 
Hilum tuberculosis 9 (19.5%) 


23 (50% of Pos. F. H. group) 


46 (50% of entire group of con- 
vex types) 


Patients (convex types) having negative family history and a 
diagnosis of: 
Far-advanced pulmonary tuberculosis 20 (43.4%) 
Moderately advanced pulmonary tuberculosis 5 (10.8%) 


25 (54.2% of Neg. F. H. group) 
Minimal tuberculosis 8 (17.3%) 
Hilum tuberculosis 13 (28.2%) 


21 (45.5% of Neg. F. H. group) 


46 (50% of entire group convex 
types) 


an indication of a phthisical habitus. Furthermore, the high percentage- 
occurrence of positive family history in the mixed types does not speak 
for an inherited resistance in this group. 

When a consideration of the amount of disease involvement is added 
to these family-history scapular groups, the correlation between scapular 
types and resistance to tuberculosis is made undeniably plain. In this 
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phase of this particular study (see table 2) we find that 21 (45.6 per cent) 
of the 46 convex types having positive family history are far-advanced 
cases, and 20 (43.4 per cent) of the negative family-history cases of this 
group are far-advanced cases. There are only two moderately advanced 
cases in the convex-positive-family-history group, and 5 moderately ad- 
vanced cases in the negative-family-history-convex group. Fourteen 
minimal cases in the positive-history-convex group represent 30.4 per 
cent of the total, while 8 minimal cases having negative family_history 
represent 17.3 per cent. Nine hilum cases are listed as having positive 
family history and thirteen as having negative family history. One 
might well say that there are no striking differences within this one group; 
however, a study of the scaphoid family-history groups brings out un- 
mistakable differences (table 3). In 125 patients classified as scaphoid 
types and having positive family history, 50 (40 per cent) were far- 
advanced cases; 20 (16 per cent) were moderately advanced cases; 17 
(13.6 per cent) were minimal; while 38 (30.4 per cent) were listed as 
hilum disease. 

More extensive involvement was found in the scaphoid group having 
negative family history. In a total of 55 cases, 33 (60 per cent) were 
far advanced, 14 (25.45 per cent) were moderately advanced, and 7 


(12.72 per cent) were minimal. Only one case in this group had a diag- 
nosis of hilum disease. 


In spite of the small number of cases a study of the group of 48 mixed 
types (table 4) leaves the impression that these individuals are even 
poorer stock than the pure scaphoid types. Twenty (62.5 per cent) of 
32 cases of mixed types having a positive family history were far ad- 
vanced; 8 (25 per cent) were moderately advanced. Only one case was 
minimal and 3 cases were hilum tuberculosis. These last 4 cases make 
up the remaining 12.5 per cent. Practically the same proportion of far- 
advanced cases were found in the mixed types having negative family 
history. In this small group of 16 cases, 10 (62.5 per cent) were far 
advanced, 3 (18.75 per cent) were moderately advanced and 3 (18.75 per 
cent) were minimal cases. No hilum tuberculosis was found in this group. 

While the method may in some measure be open to question, we find, in 
comparing the sums of the percentages of far-advanced and moderately 
advanced cases in the mixed group with the same type of cases in the 
scaphoid and convex groups, that the relative resistance of the different 
types of individuals is rather strikingly brought out. In the convex 
group having positive family history the total of the percentages of far- 
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advanced and moderate involvement is 50.0 per cent (table 2). In the 
same history group (positive) the scaphoids total 56.0 per cent (table 3), 
while the mixed types having positive family history total 87.5 per cent 


TABLE 3 
Scaphoid types and family history 


(The 180 cases listed here include 23 scaphoid types listed as ‘““CC-ST”’ in the general 
classification. Five cases having questionable family history are not included in this table.) 
This table shows more scaphoids having positive family history (125 out of 180), but 
also shows them to have less involvement than the group of 55 scaphoid types having nega- 


tive family history. 


Patients (scaphoid types) having positive family history and 
a diagnosis of: 
Far-advanced pulmonary tuberculosis 50 (40%) 
Moderately advanced pulmonary tuberculosis 20 (16%) 


70 (56% of the negative family 
history group) 
Minimal pulmonary tuberculosis 17 (13.6%) 
Hilum tuberculosis 38 (30.4%) 


55 (44% of the negative family 
history group) 


125 or 69.44% of the total group 
of 180 


Patients (scaphoid types) having negative family history and 
a diagnosis of: 
Far-advanced pulmonary tuberculosis 33 (60%) 
Moderately advanced pulmonary tuberculosis 14 (25.45%) 


47 (85.45% of the negative 
family history group) 


Minimal tuberculosis 7 (12.72%) 
Hilum tuberculosis 1( 1.8%) 


8 (14.5% of the negative 
family history group) 


55 or 30.56% of the total group 
of 180 


(table 4). If the same percentage totals are arranged for the different 
types having negative family history, we find that 54.2 per cent of the 
convex types were either far- or moderately-advanced cases, that 85.45 
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. ; per cent of the “‘scaphoids” having negative family history bear this 
’ : diagnosis, and that 81.25 per cent of the mixed types having negative 
family history have a similar amount of involvement. 


TABLE 4 
Mixed types, family history and involvement 


In the 48 mixed types shown in this table there are not only more “positive family his- 
tories,’ but these positive family history cases show more involvement as a group than do 
the 13 cases having negative family history. The entire group shows more involvement 
than any of the three groups studied. 


Patients (mixed types) having positive family history and a 
diagnosis of: 
i Far-advanced pulmonary tuberculosis................. 20 (62.5%) 
Moderately advanced pulmonary tuberculosis.......... 8 (25%) 


28 (87.5% of the positive family 
history group) 


4 (12.5% of the positive family 
history group) 


32 or 66.6% of the entire group 


Patients (mixed tvpes) having negative family history and a 
diagnosis of: 


Far-advanced pulmonary tuberculosis................. 10 (62.5%) 
Moderately advanced pulmonary tuberculosis.......... 3 (18.75%) 
13 (81.25% of the negative 
family history group) 


3 (18.75% of the negative 
family history group) 


16 or 33.3% of the entire group 


The differences here seem noteworthy. While there is little difference 
between the convex and scaphoid types having positive family history, 
the differences shown in the negative-history group are rather striking. 
A study of the mixed types in this comparison leaves the impression that 
they are even poorer stock than the scaphoid types. 
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If convex scapulae may be taken as a mark of increased resistance to 
tuberculosis we should find in the convalescent wards and in other groups 
showing improvement a definite percentage increase of the convex types 
over the percentage reported for the admission groups of patients. In 
this, the last phase of this study, it is hardly coincidental, in spite of the 
small number of cases found for study, that we should find a scarcity of 
the convex types in the hospital and bed-fast groups at this institution, 
and.a majority of convex types in the convalescent wards. 

Only six of 33 female cases in the Eaton building (hospital) were pure 
convex types. Fifteen were pure scaphoid types, and 12 were mixed 
types. In the female admission building, 20 of 68 cases were convex 
types, 32 were pure scaphoid types, and 16 were mixed types. The 
Dusenberry Villa houses female cases which have been showing some 
improvement, and in this group there were 15 pure convex types in 38 
cases, 15 pure scaphoid and 8 mixed types. The female convalescent 
ward had 12 pure convex types in a population of 21, five of which were 
pure scaphoid types and four were mixed types. Nineteen of 63 patients 
in the male admission-ward were pure convex types, 30 were pure scaph- 
oid and 14 were mixed types. In the male convalescent-ward 11 of 
26 were pure convex types, 9 were pure scaphoid and 6 were mixed types. 

It is true that this is a report of only a few hundred cases all told, but 
this particular phase of this study seems to emphasize the element of 
truth in the postulation that, taken by and large, the convex types are 
more resistant: that they recover from the disease more rapidly. If 
such were not the case we would find the proportion of scapular types the 
same in the different treatment-groups in the institution (admission, 
hospital, convalescent, alike). The differences brought out seem to show 
definitely that scaphoid and mixed types of scapulae are criteria of a con- 
stitutionality peculiarly susceptible to tuberculosis. 


SUMMARY 


' 1. A tabulation is given of the age-incidence of scaphoid scapula in 
325 cases of pulmonary tuberculosis studied at the Missouri State 
Sanatorium at Mount Vernon, Missouri, and evidence is offered that 
scaphoid scapula is a criterion of a constitutionality peculiarly suscep- 
tible to tuberculosis. 

2. The age-incidence of scaphoid types in the first two decennia of 
life was found to be remarkably higher in percentage-occurrence than 
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published reports for norma] or “well” groups. The incidence of scaphoid 
types in the third decennium was not so greatly increased as in the first 
two age-groups, but was definitely higher than that reported for normal 
or well groups for the same age-period. 

3. Scaphoid and mixed types seem to be more susceptible to tuber- 
culosis, since they were found in the majority in the hospital groups, while 
the convex types seem to be more resistant, since they were found in the 
majority of the convalescent cases. 


I am sincerely grateful to Dr. William Washington Graves for helpful criticism and en- 
couragement in making this study, and my warmest thanks are here extended to Dr. Elmer 
E. Glenn, Superintendent of the Missouri State Sanatorium, whose kind codperation and 
courtesy made this work possible. 
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A COMPARISON OF TISSUE REACTIONS TO TESTICULAR 
INOCULATION OF ACID-FAST BACILLI! 


ESMOND R. LONG AND ARTHUR J. VORWALD 


In the course of a study, now in progress, on the ability of tuber- 
cle bacilli to multiply within certain cells of the living body, it 
became desirable to compare the parasitic capability of several strains 
of acid-fast bacilli. Such studies have been made before, and the results 
are accessible in the literature. Nevertheless, it has seemed worth 
while to publish the results of these experiments also, chiefly because more 
emphasis than has heretofore been the case was placed on fine histo- 
logical changes. The study was limited to a single organ, the testis, 
which was directly inoculated with equalized dosages of the various 
bacilli per kilogram animal weight; the results thus have unusual quan- 
titative value. Special attention was devoted to the early as well as the 
late changes; histological sections were studied, illustrating the results of 
inoculation at intervals from one hour to one month after the injection. 
The time element does not seem to have been considered this carefully 
in previous studies. Finally, several of the strains of bacilli used are 
under extended chemical study at the present time by investigators 
working under grant from the National Tuberculosis Association; a 
quantitative study of the virulence of the whole group for comparison 
with chemical differences seems desirable, for important correlations 
between chemical composition and virulence may develop. 

The plan of the experiment was as follows: Suspensions of the acid- 
fast bacilli of all the strains studied, after growth on Long’s synthetic 
medium, were made up in physiological salt solution in such concentra- 
tion that 0.1 mgm. of bacilli was contained in 0.3 cc. This volume was 
then injected into a series of 500-gram guinea pigs. The strains of acid- 
fast bacilli used were human, bovine, avian, frog, smegma and timothy 
grass. 

The history of the organisms used, in brief, is as follows: 


1 From the Department of Pathology, University of Chicago, Chicago, Illinois. Aided by 
a grant from the National Tuberculosis Association. 
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Human-type tubercle bacillus (Mycobacterium tuberculosis humanis): The well 
known Saranac Laboratory strain H37 was used. This was isolated in 1905 
from the sputum of a patient with chronic ulcerative pulmonary tuberculosis, 
and still possesses relatively high virulence for guinea pigs. This strain is 
under chemical study at the present time by investigators working under 
grant from the National Tuberculosis Association. 

Bovine-type tubercle bacillus (Mycobacterium tuberculosis bovis): The bacillus 
used was isolated at Alfort, France, by Professor Vallée about 1920, from a 
caseous bronchial lymph node in a case of bovine pulmonary tuberculosis. It 
was first isolated by guinea-pig inoculation and has been cultivated on glycer- 
inated potato since its isolation. It is virulent for guinea pigs, rabbits and 
calves. This strain also is under chemical study in the investigations aided 
by grant from the National Tuberculosis Association. 

Avian-type tubercle bacillus (Mycobacterium avium): The bacillus used was 
isolated by Dr. Van Es of the Department of Animal Pathology and Hygiene 
at the University of Nebraska about 1921. It is virulent for chickens and 
rabbits. This strain also is being studied chemically under grant from the 
National Tuberculosis Association. 

Frog bacillus (Mycobacterium ranae): This strain was obtained from the 
American Type Culture Collection of bacteria in Chicago. It is believed to 
have been isolated originally by Professor Alfred Moeller in Berlin about 1900. 
Smegma bacillus (Mycobacterium smegmatis): The strain used came from the 
stock collection of acid-fast bacilli at the Saranac Laboratory, where it has 
been carried on glycerol-agar for about thirty years. The original history is 
uncertain; the strain appears to have been first isolated in Germany. 
Timothy-grass bacillus (Mycobacterium phlei): This strain was originally 
isolated by Professor Alfred Moeller at the Belzig Sanatorium about 1904. 
In this year it was sent to the Saranac Laboratory, where it has been subse- 
quently maintained in stock culture on glycerol-agar. This strain also is in 
the course of chemical investigation under grant from the National Tuber- 
culosis Association. 


The inoculations were made in the left testis, and animals injected 
with the different bacilli were killed for comparative histological study 
at the following periods after inoculation: 1 hour, 6 hours, 24 hours, 72 
hours, 1 week, 2 weeks and 4 weeks. The inoculated testes were fixed 
in formol-Zenker fluid, sectioned and stained by the haematoxylin- 
eosin and eosin-azure techniques, and with carbol-fuchsin, haematoxylin 
and orange-G for bacilli. On account of the recent work of Sewall, 
indicating that inoculation with smegma bacilli modifies the course of 
development of tuberculosis from simultaneous injection of tubercle 
bacilli, one series of guinea pigs were inoculated with 0.1 mgm. human- 
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type tubercle bacilli in one testis and 0.1 mgm. smegma bacilli in the 

other; animals of this series were killed and studied at the same time 

intervals after injection as in the series inoculated in one testis only. 
The results of the study are recorded in the following protocols: 


ONE HOUR 


Human-type tubercle bacillus: There is a distinct, although slight, 
microscopic reaction. The small blood-vessels contain many poly- 
morphonuclear leucocytes. ‘These cells are often seen aggregated along 
the rim of the vessel (margination), and in some instances can be seen 
in groups outside the small blood-vessels, invading the adjacent tissue. 
Tubercle bacilli are easily found. A few are in polymorphonuclear 
leucocytes, but most are still extracellular. 

Bovine-iype tubercle bacillus: The picture is like that seen after in- 
fection with human-type bacilli, slight accumulations of polymorpho- 
nuclear leucocytes being observed here and there between the seminif- 
erous tubules. 

Avian-type tubercle bacillus: No definite cellular reaction can be ob- 
served. Acid-fast bacilli are easily found, and all are outside of phago- 
cytic cells. 

Frog bacillus: No cellular reaction is seen and no acid-fast bacilli 
can be found in sections stained by the same technique as that which 
revealed the human-, bovine- and avian-type tubercle bacilli. 

Smegma bacillus: No microscopic changes are found, except a slight 
increase in plasma between the tubules. There is no celiular reaction. 
Acid-fast bacilli cannot be found. 

Timothy bacillus: No reaction has taken place. Acid-fast bacilli are 
easily found; they are smal!, well stained and extracellular. 


Summary 


Cellular reaction is apparent only in the testes inoculated with human- 
and bovine-type tubercle bacilli. The reacting cell is the polymor- 
phonuclear Jeucocyte. At this early period no appreciable phagocytosis 
of bacilli has occurred. Avian-type tubercle bacilli and timothy-grass 
bacilli are easily found in the testes inoculated with these microdrganisms, 
but no reaction to the bacilli is yet apparent. The technique used does 
not demonstrate the injected smegma and frog bacilli, and no reaction 
to these bacilli is seen. 
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SIX HOURS 


Human-type tubercle bacillus: A distinct change is apparent grossly. 
The inoculated testis is hyperaemic and slightly swollen. Microscop- 
ically a diffuse intertubular infiltration of polymorphonuclear leucocytes 
and a few monocytes is seen. Tubercle bacilli are easy to find; the 
majority are within the cytoplasm of polymorphonuclears. 

Bovine-type tubercle bacillus: The picture is grossly and microscopically 
similar to that seen in the testis inoculated with human-type tubercle 
bacilli. 

Avian-type tubercle bacillus: The testis is slightly hyperaemic, the 
degree being distinctly less than that seen at this period in the testes 
inoculated with the human and bovine types. Microscopically an early 
intertubular infiltration with cells of inflammation is seen. These are 
about 40 per cent polymorphonuclears and 60 per cent mononuclears, 
chiefly typical monocytes. Bacilli are easily found, and most are intra- 
cellular, both in polymorphonuclears and in monocytes. 

Frog bacillus: The testis is hyperaemic to about the same degree as that 
inoculated with avian bacilli. Microscopically a marked diffuse poly- 
morphonuclear leucocytic intertubular infiltration is seen. Acid-fast 
bacilli cannot be demonstrated. 

Smegma bacillus: A slight active hyperaemia is seen in the inoculated 
testis. Microscopically a diffuse intertubular exudate of polymorpho- 
nuclear leucocytes is seen. It is less intense than that seen in the testes 
inoculated with tubercle bacilli. Acid-fast bacilli cannot be demon- 
strated. 

Timothy-grass bacillus: The reaction is grossly and microscopically 
much like that seen in the testis inoculated with smegma bacilli. Bacilli 
are readily found, but their staining characteristics are much modified. 
Many non-acid-fast coccoid forms are seen, as well as acid-fast bacilli, 
which, however, have a brownish cast. 


Summary 


At this early period, 6 hours after inoculation, distinct differences in 
reaction between the pathogenic and saprophytic bacilli are apparent. 
Both grossly and microscopically the reaction to the tubercle bacilli is 
seen to be more intense than to the saprophytes. The degree of reaction 
already appears roughly proportional to the pathogenicity of the micro- 
organisms inoculated, being intense toward the human and bovine types, 
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intermediate toward the avian type and frog bacilli, and slight to moder- 
ate toward the smegma and timothy-grass bacilli. As at one hour, the 
technique fails to dislcose frog and smegma bacilli in the inoculated 
tissues. Some evidence of destruction of timothy bacilli is apparent. 


TWENTY-FOUR HOURS 


Human-type tubercle bacillus: An intense reaction is apparent. The 
testis is swollen and much more hyperaemic than at 6 hours. Micro- 
scopically an extensive intertubular exudate is seen. The majority of 
the cells are polymorphonuclear leucocytes, but large mononuclear 
exudate cells are present in larger number than at 6 hours. There is 
slight degeneration of the seminiferous tubules. Tubercle bacilli are 
abundant; the majority are in polymorphonuclear leucocytes. 

Bovine-type tubercle bacillus: The picture is much like that in the testis 
inoculated with human-type bacilli. The hyperaemia is slightly less. 
Large mononuclear cells make up a larger proportion of the cells of in- 
flammation in the exudate than at 6 hours. 

Avian-type tubercle bacillus: There is a moderate hyperaemia of the 
serosal surface of the testis, less marked than in the human- and bovine- 
type infections at this period. There is a definite intertubular exudate, 
but it is much less intense than in the testes inoculated with human- and 
bovine-type bacilli. Both polymorphonuclear and large mononuclear 
exudate cells are present. Avian tubercle bacilli are abundant and are 
found in both types of exudate cell, somewhat more commonly in the 
mononuclears. 

Frog bacillus: Hyperaemia of the serosal surface is moderate. Micro- 
scopically a fairly intense reaction is seen, much like that in the testes 
inoculated with human- and bovine-type bacilli at this period. No 
acid-fast bacilli are seen, although a few small slightly acid-fast ovoid 
masses, slightly larger than frog bacilli, are seen. 

Smegma bacillus: There is a slight hyperaemia. A fairly marked 
polymorphonuclear reaction is seen, localized at the hilum of the organ. 
One group of acid-fast bacilli is seen, in a large mononuclear exudate cell. 
Some of these bacilli are strongly acid-fast; others stain irregularly. 

Timothy-grass bacillus: There is a slight hyperaemia. Microscopically 
a diffuse intertubular exudate is seen, greater than that due to the avian 
and smegma bacilli in total amount, and less than that due to the human- 
and bovine-type and frog bacilli. Acid-fast bacilli are found, much 
modified in shape and staining character. They are seen in large mono- 
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nuclear exudate cells, are swollen and ovoid, and of varying degree of 
acid-fastness. 


Summary 


Difference in virulence is readily apparent. The reaction to the 
human- and bovine-type tubercle bacilli has increased greatly in inten- 
sity. The cells concerned are chiefly polymorphonuclear leucocytes, 
but large mononuclear cells are becoming more abundant in the exudate. 
Tubercle bacilli are found chiefly in the polymorphonuclears. The 
reaction to smegma and timothy bacilli is relatively slight. The re- 
sponse to the avian bacillus is also relatively small. The reaction to the 
frog bacillus, on the other hand, is almost as intense as to the human- 
and bovine-type tubercle bacilli. Degenerative changes are seen in the 
inoculated smegma and timothy bacilli, and peculiar acid-fast ovoid 
masses are seen in the testis inoculated with frog bacilli. 


SEVENTY-TWO HOURS 


Human-type tubercle bacillus: The gross reaction has subsided. The 
testis is not hyperaemic or swollen. Microscopically the total reacting 
zone is much less extensive than at 24 hours. In contrast to the picture 
at 24 hours the majority of reacting cells are now large mononuclears, the 
majority of which have the shape and staining characteristics of mono- 
cytes. A few lymphocytes have entered. Bacilli are easily found, 
chiefly in the mononuclear exudate cells, to a much smaller extent in the 
polymorphonuclears. They appear increased in number (but this may 
be due to decreased size of the exudate). Only a small amount of de- 
generation of the seminiferous tubules is apparent. 

Bovine-type tubercle bacillus: Grossly a slight active hyperaemia 
persists. Microscopically the picture is practically identical with that 
of human-type infection at this period. 

Avian-type tubercle bacillus: Although a slight hyperaemia is seen 
grossly, very little reaction is observable microscopically. Well-stained 
acid-fast bacilli are easily found in the small number of large mono- 
nuclear exudate cells present, frequently in great concentration. 

Frog bacillus: Grossly a slight hyperaemia is seen. Microscopically a 
reaction is seen which is practically indistinguishable from the appear- 
ance at this period in the testes infected with human- and bovine-type 
tubercle bacilli, although less extensive than at 24 hours, as in the case of 
the latter bacilli. The extent of reaction is almost the same, and the 
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majority of reacting cells are large mononuclears, a smaller percentage of 
polymorphonuclears and eosinophiles being present. Practically no 
tubular degeneration has occurred. As previously, after infection with 
this organism, acid-fast bacilli cannot be found. 

Smegma bacillus: No gross reaction is apparent. The microscopic 
picture is qualitatively much like that seen after human- and bovine- 
type tubercle-bacillus infection, but the extent of reaction is approxi- 
mately one-third less. The reacting cells are chiefly large mononuclears, 
many of them typical monocytes. There is very slight tubular de- 
generation. A very few acid-fast bacilli, of normal staining character, 
are seen. 

Timothy-grass bacillus: The reaction is practically identical with that 
seen at this period after infection with human- and bovine-type tubercle 
bacilli and frog bacilli. The reaction is now almost entirely ‘mono- 
nuclear. As at 24 hours, a striking change from normal is seen in the 
appearance of the injected bacilli. These are now few, small, and 
rounded up into ovoid rather than rod-like forms. 


Summary 


Conspicuous changes have taken place since the 24-hour period. In 
the case of infection with the human- and bovine-type tubercle bacilli 
and the frog bacillus the extent of the reacting zones has greatly de- 
creased. Coincident with this decrease a change in the type of reacting 
cell has occurred. Whereas at 24 hours the cells taking part were chiefly 
polymorphonuclear leucocytes, at 72 hours mononuclear exudate cells 
predominate, many of them containing the phagocytosed remains of the 
polymorphonuclears. Although the reaction to these bacilli has decreased 
from that seen at 24 hours, nevertheless it is still more intense than the 
response to inoculation with avian, smegma and timothy-grass bacilli. 
As at 24 hours degenerative changes are conspicuous in the inoculated 
timothy bacilli. 

ONE WEEK 


‘Human-type tubercle bacillus: The testis is pale and much indurated. 
Microscopic examination reveals a marked progression of the infection. 
There is a widespread intertubular infiltration with large mononculear 
exudate cells and a good many fibroblasts. The bulk of the tissue is 
now in a state of inflammatory reaction. The tubules throughout are 
degenerated or necrotic. Tubercle bacilli are present in profusion, 
obviously having multiplied greatly. The great majority lie in the 
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cytoplasm of large mononuclear exudate cells; a few are within poly- 
morphonuclear leucocytes. Degenerated bacilli are not found. 

Bovine-type tubercle bacillus: The reaction is essentially the same as 
that to the human-type bacillus at this period. In the sections examined 
a few more eosinophiles are seen. Bacilli are less numerous than in the 
human type infection, but have the same distribution. Degenerated 
forms are not seen. 

Avian-type tubercle bacillus: A progressing inflammation has developed. 
The extent of inflammatory reaction lies between that seen in the human- 
and bovine-type infections on the one hand and the frog, smegma and 
timothy-grass inoculations, on the other. The testis is hyperaemic and 
its substance is infiltrated with mononuclear exudate cells, including 
numerous lymphocytes (or small monocytes?). The seminiferous tu- 
bules are degenerated, but not to the extent seen in the human- and 
bovine-type infections. Well-staining acid-fast bacilli are numerous, 
evidently having multiplied greatly. They lie for the most part within 
large mononuclear exudate cells, some of the latter containing as many 
as twenty bacilli. 

Frog bacillus: The reaction has increased only slightly over that seen 
at 72 hours. It is definitely less than that seen in the human, bovine 
and avian infections, and alittle greater than that caused by smegma and 
timothy bacilli at this period. Most of the seminiferous tubules are 
normal; some show moderate degeneration. Acid-fast bacilli cannot be 
found. 

Smegma bacillus: The reaction is subsiding. The infiltrating cells 
remaining are chiefly large mononuclear exudate cells, lymphocytes and 
plasma cells. Polymorphonuclear leucocytes are few. The seminif- 
erous tubules appear practically normal, although their smaller size as 
compared with those of the opposite uninoculated testis is evidence of 
past injury. Bacilli cannot be found. 

Timothy-grass bacillus: The extent of reaction is approximately the 
same as at 72 hours. Some degeneration of the seminiferous tubules is 
seen where cellular infiltration persists, but in general the tubules are 
normal. Acid-fast bacilli are not found, but in a few of the large mono- 
nuclear exudate cells non-acid-fast, coccobacillary forms are seen. 


Summary 


Progression of infection, corresponding to virulence, is now readily 
apparent. The size of reacting zones in human-, bovine- and avian-type- 
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bacillus infection has increased greatly since the 72-hour period, and 
bacilli have become much more numerous. As at 72 hours, the reacting 
cells are chiefly large mononuclear exudate cells. Degeneration of the 
seminiferous tubules has reached a profound degree in the testes inocu- 
lated with human- and bovine-type bacilli, and is advanced in the avian- 
bacillus infection. The frog-bacillus infection shows a slight progressive 
tendency. The reaction to the smegma bacillus is subsiding, and the 
injury previously caused in the acute stages of the inflammation is being 
repaired. No progression of the timothy-grass-bacillus lesion has 
occurred. 


TWO WEEKS 


Human-type tubercle bacillus: The testis is hyperaemic, swollen and 
indurated, and there is a fibrinous exudate on the serosal surface. Micro- 
scopically the whole tissue is seen to be converted into an epithelioid 
mass, formed by the confluence of tubercles made up of epithelioid cells 
with some tendency to radial arrangement, separated from each other by 
thin barriers of lymphocytes. Among the latter are (new?) capillaries. 
Seminiferous tubules have practically disappeared; the few that remain 
are profoundly degenerated. Numerous areas of necrosis are present, the 
largest being intensely suppurative, and the smaller ones caseating, with 
beginning polymorphonuclear leucocytic infiltration. Bacilli are nu- 
merous, and most abundant in the regions of suppuration, where they 
are found both in and outside of leucocytes. 

Bovine-type tubercle bacillus: The testis in this case is grossly and 
microscopically much like that infected with human-type bacilli at two 
weeks. The most conspicuous change from the one-week period, as 
in the human-type infection, is the change of the reaction to the epithe- 
lioid-cell type. Several small regions of suppuration are present, in 
which bacilli are numerous. 

Avian-type tubercle bacillus: A marked reaction has developed, giving 
the picture of a progressive inflammation. The extent of the inflam- 
matory process is much less than that in response to human- and bovine- 
type infection at this period, but greatly in excess of that caused by the 
other acid-fast bacteria. The reacting cells are for the most part large 
mononuclear exudate cells. A considerable share of these are assuming 
an epithelioid character, but the extent of the transformation is definitely 
less than in the human- and bovine-type infections at 2 weeks. Nu- 
merous fibroblasts have appeared. Fewer tubules have been destroyed 
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than in the human- and bovine-type infections, but all the tubules that 
remain are in some stage of degeneration. Bacilli are present, but few; 
those seen are in large mononuclear cells. 

Frog bacillus: The inoculated testis is slightly hyperaemic, and there 
is a slight serofibrinous exudate on its serosa. Microscopically an inter- 
tubular cellular reaction of moderate intensity is seen, unmistakably 
increased in extent over that present at one week in frog-bacillus infec- 
tion. The cells taking part are chiefly large mononuclear exudate cells. 
It is notable that they remain of the same character as at one week, not 
having assumed an epithelioid character, as in human-, bovine- and 
avian-type infection. Very few polymorphonuclear leucocytes are seen. 
No tubules are destroyed, but many are degenerated. Typical acid- 
fast bacilli are not found, but in some of the large mononuclear exudate 
cells are spherical cytoplasmic inclusions, which are faintly acid-fast. 

Smegma bacillus: The inoculated testis is slightly smaller than the 
opposite one. Microscopically the seminiferous tubules are found to be 
correspondingly smaller. The only morphological difference, however, 
is a slightly impaired spermatogenesis in the tubules of the inoculated 
testis. There is no degeneration. The intertubular cellular reaction 
has almost disappeared. In a few regions small fibroblastic scars 
remain. No bacilli can be found. 

Timothy-grass bacillus: The testis is much smaller than the right. 
Microscopically all the tubules are found to be atrophic. The inter- 
tubular cellular reaction, however, has practically disappeared. Prac- 
tically no cells of inflammation except lymphocytes remain. Some 
scar-like areas are seen. Acid-fast bacilli cannot be found. 


Summary 


At this period the six microdrganisms may be readily separated into 
distinct groups as respects invasive capacity. The human- and bovine- 
type bacilli are obviously virulent organisms setting up an intense 
infiltrative inflammatory reaction and causing profound degeneration of 
the parenchyma of the testis. The smegma and timothy-grass bacilli 
are equally plainly not virulent. The inflammatory reaction has sub- 
sided in their case, and, while more or less atrophy of the parenchyma is 
apparent, no irreparable tissue destruction has taken place. The avian 
and frog bacilli lie in an intermediate position as regards virulence. 
Progression of the inflammatory reaction, presumably indicative of multi- 
plication of the injected bacilli at the expense of the host, has unmis- 
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takably occurred. Thus these bacilli have parasitic capacities in the 
guinea pig not possessed by smegma and timothy-grass bacilli. On the 
other hand their invasiveness in the guinea pig, especially that of the 
frog bacillus, falls much short of the intense action of the human- and 
bovine-type tubercle bacilli. One morphological change noted in the 
protocols is worthy of especial note. The response to infection with the 
true tubercle bacilli has become typically tuberculous in character. 
The reacting cell is no longer a simple large-mononuclear exudate cell; 
a large scale maturation has taken place between the 7- and 14-day 
periods with the production of typical epithelioid cells with vesicular 
nuclei and an abundant eosinophilic cytoplasm. No such transforma- 
tion has occurred in the saprophyte inoculations. 


FOUR WEEKS 


Human-type tubercle bacillus: The inoculated testis is hyperaemic and 
much larger and harder than the uninoculated; there is a heavy exudate 
of fibrin on the serosa. The guinea pig has generalized tuberculosis. 
Under the microscope the testis tissue is found to be entirely destroyed. 
No seminiferous tubules remain. The entire organ consists of tuber- 
culous tissue composed of confluent epithelioid tubercles, with many 
foci of necrosis and suppuration. Typical caseation is seldom seen. 
Tubercle bacilli are very numerous, particularly in the regions of sup- 
puration. 

Bovine-type tubercle bacillus: The inoculated testis is nodular, and 
indurated for the most part, although necrotic and soft in some regions. 
Microscopically its structure is much like that seen in the human-type 
infection at this period, although the destruction of the testis parenchyma 
is not complete. There is, however, extensive necrosis and suppuration. 
Tubercle bacilli are easily found, but are not as numerous as in the 
human-type infection. 

Avian-type tubercle bacillus: The testis is hyperaemic, nodular and 
indurated, but small. Microscopically the lesion is found to resemble 
‘qualitatively that from human- and bovine-type infection, but the dam- 
age is less extensive. The area involved is somewhat but not greatly 
increased over that noted at 2 weeks. The reacting cells are now of the 
epithelioid type, and there are regions of necrosis and suppuration. The 
whole testis, however, is not involved. Much of the original parenchy- 
matous tissue remains, although the seminiferous tubules are profoundly 
atrophic in this tissue. Outside of the main region of cellular reaction 
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are numerous small typically epithelioid tubercles with characteristic 
giant cells. Well-stained tubercle bacilli are easily found and are es- 
pecially prevalent in the zones of suppuration. They are smaller than 
the bacilli of human and bovine infection and less beaded, and accord- 
ingly easily distinguished from them. 

Frog bacillus: The inoculated testis is smaller and firmer than the 
normal one. Under the microscope the tubules are seen to be every- 
where atrophic, but persist. There is a slight persisting intertubular 
infiltration of large-mononuclear exudate cells. The reaction, however, 
has regressed greatly since the 2-week period. Previous extensive reac- 
tion is indicated by widespread, although nowhere intense, intertubular 
fibrosis. Acid-fast bacilli are not found. 

Smegma bacillus: The testis is practically normal. Spermatogenesis 
is good, although the tubules are slightly smaller than on the right side. 
Rarely an atrophic seminiferous tubule without maturation of the germ 
cells is seen. No cellular reaction and no scar tissue are present. Acid- 
fast bacilli cannot be found. 

Timothy-grass bacillus: The inoculated testis is smaller than the 
normal, and under the microscope the seminiferous tubules in general 
are seen to be atrophic. However, many show active spermatogenesis. 


The degree of atrophy is between that seen at this period in the frog- 
bacillus infection on the one hand and the smegma-bacillus lesion on the 
other. There is very slight intertubular cellular reaction, and nothing 
resembling a progressive inflammation. There is slight diffuse connec- 
tive-tissue increase. Acid-fast bacilli are not found. 


Summary 


The changes noted at the 2-week period are in general more pro- 
nounced at 4 weeks, but, except in the case of the frog-bacillus infection, 
the character of the lesions has not changed. Extensive tuberculous 
damage, with necrosis and suppuration, has continued in the testes in- 
fected with human- and bovine-type bacilli. Similar, although much 
less intense, progression of the infection has occurred in the testis in- 
fected with avian bacilli. The frog-bacillus infection, progressive at 
2 weeks, has subsided greatly at the 4-week period, however, after 
causing extensive atrophy of the testis parenchyma in its period of great- 
est intensity. The testes inoculated with smegma and Tena 
bacilli have returned to an almost normal state. 
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DISCUSSION 


Experiments in which one testis was inoculated: In this study of the 
pathogenicity of various acid-fast bacilli attention was directed to the 
two main phases of inflammatory reaction: (1) infiltration of cells of 
inflammation and (2) toxic damage to the parenchyma of the tissue 
inoculated. ‘The testis is admirably adapted to such a study. The two 
phases are entirely distinct. Cellular infiltration occurs between the 
seminiferous tubules, not passing their basement membrane, while 
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primary degeneration from toxic action is limited to these tubules and is 
highly characteristic. 

The course of progression of the cellular reaction induced by the various 
acid-fast bacilli is recorded in convenient form in figure 1. The imme- 
diate polymorphonuclear response, recently emphasized by Vorwald (1) 
for its determinative effect on the site of tubercle-formation, was con- 
spicuous. Replacement by large mononuclear cells occurred at an early 
period with marked regularity, a phenomenon which we have studied in 
more detail in a report published elsewhere (2). We have used the term 
“large-mononuclear exudate cell’’ in most of the references to this type 
of inflammatory response, in the wish to avoid controversy as to its 


| 
| 626 
| 


TISSUE REACTIONS TO ACID-FAST BACILLI 627 


origin. Many of the cells seen were characteristic monocytes, with a 
cytological appearance universally accepted as definitive for the cell so 
designated. More commonly, however, the large mononuclears were 
not so distinctive. Supravital stains were made in the early experi- 
ments, but this technique was abandoned because of the complexity 
introduced by the enormous number of parenchymatous cells in smears; 
the results recorded are, therefore, on the basis of fixed-tissue technique 
only. The change from large-mononuclear exudate cell to “epithe- 
lioid’”’ cell, described especially by Sabin (3) and her co-workers, was a 
striking phenomenon from two weeks on, after infection with human-, 
bovine- and avian-type bacilli. The absence of this type of transforma- 
tion in the case of the other organisms is probably of equal significance. 
The results of Sabin and her associates lead us to believe that the trans- 
formation is the result of liberation of considerable quantities of tubercle- 
bacillus phosphatide. We have, ourselves, shown that an influx of epithe- 
lioid cells is not brought about by small amounts of tubercle-bacillus 
lipoid (4); presumably, therefore, the enormous influx of cells in this case 
indicates great multiplication of bacilli, with death of many and libera- 
tion of their lipoid constituents. Absence of this reaction, in the case of 
the saprophytes, would, therefore indicate failure of elaboration of the 
epithelioid-cell stimulating substance, or, as appears to be the case here, 
insufficient multiplication of the organisms concerned. 

One of the most significant facts disclosed by the study is the parallel- 
ism between virulence, as proved by the outcome at four weeks, and the 
early reaction to the bacteria introduced. With little exception the 
picture at six hours forecast that at four weeks. Even at one hour the 
cellular reaction to the tubercle bacilli was much greater than the reac- 
tion to the same dose of saprophytes. At twenty-four hours the differ- 
ence was unmistakable. There is much reason to believe that the 
variation in initial effect can be explained on the basis of relative toxicity 
of the protein of the microérganisms injected. Seibert (5) has shown 
that the protein of H37 is at least ten times as toxic for normal guinea 
pigs as the protein of the timothy-grass bacillus here used. Further 
studies in this connection, with the other bacteria used in this study, are 
obviously desirable in order to settle this important question of the 
relation of primary toxicity of bacterial protoplasm to innate virulence. 

It is noteworthy that serosal hyperaemia, marked only in the case of 
the virulent microdrganisms in the early hours, and disappearing with 
the subsidence of the acute reaction, reappeared in the case of the same 
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bacilli at two weeks, this time associated with a more or less abundant 
fibrinous exudate. There is much reason to believe that this repre- 
sented a reaction of hypersensitiveness, spread of the infection now taking 
place on sensitized soil. 

One other feature is worthy of comment. Degeneration of bacteria 
in infections which are being overcome by the host, is, in general, not 
easily observed. In one instance in this study, however, such degenera- 
tion was readily seen. The timothy-grass bacilli injected passed from a 
state of strong acid-fastness, through stages of variable acid-fastness, in 
which swollen, ovoid and brownish coccoid forms occurred, to complete 
disappearance. No such changes were seen in the tubercle-bacillus 
infections. 


The results of the experiments in which both testes of each animal 
were inoculated, the one with human-type tubercle bacilli, the other with 
smegma bacilJi, are recorded in the following protocols. The dosage of 
smegma bacilli which Sewall and De Savitsch (6) used in their studies, 
to check a simultaneous infection with tubercle bacilli, was much larger 
than in our experiments. We used 0.1 mgm. bacilli of each type to 
make possible a comparison of the histological changes induced with 
those produced by the same dosage in the single-testis experiments. 


ONE HOUR 


Human-type tubercle bacillus: No hyperaemia is seen grossly and no 
cellular reaction microscopically. Bacilli are easily found. They are 


extracellular. 
Smegma bacillus: No visible change has been produced. Acid-fast 
bacilli are not found. 


SIX HOURS 


Human-type tubercle bacillus: The testis is not hyperaemic. This is in 
strong contrast to the result at 6 hours in the inoculated testis of the 
single-testis experiment (page 617). Microscopically, however, no essen- 
tial difference is seen in the testes of the two experiments. 

Smegma bacillus: There is no hyperaemia. Microscopically a cellular 
reaction is seen which is qualitatively like that in the testis inoculated 
with human-type bacilli, that is, chiefly a polymorphonuclear one, but 
the reacting cells are less numerous. 
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TWENTY-FOUR HOURS 


Human-type tubercle bacillus: There is no hyperaemia of the testis 
(contrast single-testis experiment, page 618). Microscopically the extent 
and intensity of the cellular reaction are much greater than at 6 hours. 
The reaction is not essentially different ftom that at this period in the 
single-testis experiment (page 618). Bacilli are easily found, and are 
seen chiefly in polymorphonuclear leucocytes. 

Smegma bacillus: The testis is not hyperaemic. Microscopically the 
cellular reaction is seen to have increased since the 6-hour period. It is 
less intense than that seen in the opposite testis infected with tubercle 
bacilli. Acid-fast bacilli cannot be found. 


SEVENTY-TWO HOURS 


Human-type tubercle bacillus: The testis is not hyperaemic. Micro- 
scopic: As in the single-testis experiment, the polymorphonuclear leuco- 
cytes, characteristic of the initial stages of the experiment, are largely 
replaced by large-mononuclear exudate cells, and the total volume of the 
reacting zones of inflammation has decreased greatly in the process. 
Bacilli are easily found, and occur chiefly within the cell bodies of the 
large mononuclears. There is little tubular degeneration, and in general 
the inflammation and tissue damage are less than in the corresponding 
infection in the single-testis experiment. 

Smegma bacillus: As in the testis inoculated with tubercle bacilli, the 
polymorphonuclear leucocytes, abundant at 6 and 24 hours, have largely 
been replaced by mononuclears, and the volume of reacting tissue has 
been reduced from that seen at the 24-hour period. The reaction is 
somewhat less intense than in the corresponding smegma-bacillus 
inoculation of the single-testis experiments. Bacilli are not found. 


ONE WEEK 


Human-type tubercle bacillus: The great increase in reaction intensity, 
seen in the single testis experiment at one week, has occurred here also. 
The cells concerned are now almost exclusively large mononuclears, 
which have not yet taken on an epithelioid appearance. The zones of 
reaction are beginning, however, to take on the character of a tissue 
rather than simple regions of inflammatory infiltration. 

Smegma bacillus: There is a definite inflammatory reaction, consider- 
ably less than that in the opposite testis, infected with tubercle bacilli, 
but much greater than that seen in the testis one week after inoculation 
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of smegma bacilli in the single-testis experiments (page 620). .Not only 
is the reaction greater, but the parenchymatous degeneration surpasses 
that seen in the single-testis smegma-bacillus inoculation. 


TWO WEEKS 


Human-type tubercle bacillus: The testis tissue has been practically 
replaced by large mononuclear cells, which in general now approach the 
epithelioid type. The picture is much like the corresponding one in the 
single-testis experiments, but in this case the necrosis and suppuration 
are much less extensive. ‘Tubercle bacilli are numerous. 

Smegma bacillus: A considerable inflammatory reaction persists; many 
cells of inflammation are present between the tubules, which are in 
general degenerated or atrophic, but nowhere destroyed. The intensity 
of reaction and damage is a good deal greater than in the smegma-bacil- 
lus infection at two weeks in the single-testis experiment. 


FOUR WEEKS 


Human-type tubercle bacillus: The testis is practically destroyed by 
confluent tuberculosis with regions of necrosis and suppuration. No 
essential difference is seen between the testis in this case and the cor- 
responding one of the single-testis experiments. 

Smegma bacillus: The testis is profoundly atrophic. ‘The seminiferous 
tubules are nowhere destroyed, but everywhere reduced to a ring of 
undifferentiated cells. Moderate mononuclear-cell infiltration persists 
between the tubules. Typical tubercles, containing acid-fast bacilli, are 
found, especially on the side in proximity to the tuberculous left testis. 


Summary 


The injection of smegma bacilli in one testis has not inhibited the 
course of tuberculosis from human-type bacilli injected simultaneously 
in the opposite testis. One striking difference has indeed been noticeable. 
The hyperaemia, characteristic of early true tuberculous infection in the 
single-testis experiments, has not occurred in testes inoculated with 
tubercle bacilli in the presence of simultaneous inoculation of smegma 
bacilli in the other testis. On the other hand, the tubercle-bacillus 
infection in one testis appears to have increased the deleterious effect 
of smegma bacilli in the other testis. The effect is most noticeable from 
two weeks on; it is manifested by a more profound parenchymatous 
degeneration of the testis inoculated with smegma bacilli, and a more 
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persistent inflammatory reaction, than was the case in the single-testis 


experiments. 
DISCUSSION 


Experiments in which both testes were inoculated: As indicated in the 
protocols and summary, the injection of smegma. bacilli in one testis did 
not check the development and progression of tuberculosis in the opposite 
one. It must be recalled, however, that the dosage of smegma bacilli, 
for the reasons previously noted, was much smaller than in the experi- 
ments of Sewall and De Savitsch. The curious failure of the customary 
hyperaemia to develop during the first twenty-four hours in the testis 
infected with tubercle bacilli might be looked upon as fortuitous. The 
contrast with all the rest of our experience with this dosage of tubercle 
bacilli, however, makes this unlikely. Further experimentation, now 
projected, may determine whether a specific vasomotor factor is in- 
volved. The exceptional damage in the testis infected with smegma 
bacilli alone also calls for further study. The severe injury in this case 
was coincident with the development of advanced tuberculosis on the 
opposite side. Presumably hypersensitiveness was rapidly developing 
at the same time. It is well known that some cross-sensitization exists 
between tubercle-bacillus infection and timothy-grass-bacillus protein. 
The damage to the testis at two weeks had the histological character of 
a subsiding tuberculin reaction in the testis, and may have represented 
the response to bacillary protein still present, to which the tissue had 
recently become hypersensitive. At four weeks truly tuberculous proc- 
ess of the left testis had obviously spread directly to the opposite organ. 


SUMMARY 


A wide range of virulence for the guinea pig was disclosed among the 
acid-fast bacilli studied. Little difference was to be seen in the effect of 
the human- and bovine-type tubercle bacilli. The immediate reaction 
to these microérganisms was more intense than that toward the less 
virulent strains and the end-result was extensive necrosis with suppura- 
tion. A feature of great significance is the fact that the gross and micro- 
scopic picture as early as six hours after inoculation forecast with con- 
siderable accuracy the outcome at four weeks (see discussion on page 
627). The strain of avian bacillus used possessed unmistakable viru- 
lence, although of much lower degree than that of the human and bovine 
types. The lesion was progressive, the cellular reaction increasing 
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steadily, if slowly, for the full four weeks. Only a moderate amount of 
necrosis and suppuration resulted. The lesion produced by the frog 
bacillus also appeared to have a progressive tendency for a time. At 
two weeks, although not at four, the cellular reaction was still increasing, 
and at that time was much more intense than that produced by the 
saprophytic smegma and timothy bacilli. Moreover, while no caseation 
necrosis developed, the inflammatory reaction was of sufficient intensity 
to cause profound atrophy of the seminiferous tubules. Only moderate 
reaction resulted from the inoculation of smegma and timothy bacilli, 
and the intensity of cellular infiltration diminished from the third day 
on. Necrosis did not result, and the inflammation cleared up within 
four weeks, leaving only a trace of atrophy in the seminiferous tubules. 
In all probability these bacilli died off rapidly after injection. 

In all cases the reaction was largely polymorphonuclear leucocytic 
during the first two days. Within three days, however, the majority of 
polymorphonuclear leucocytes were replaced by large-mononuclear 
exudate cells, many of which were characteristic monocytes, while others 
were less surely identified. The replacement of the polymorphonuclears 
was accomplished largely by their phagocytosis by the large mononuclear 
exudate cells. A considerable reduction in the size of the exudate was 
brought about in this way, so that at three days the size of the zones of 
inflammation was smaller than at one or two days. After about two 
weeks, in the case of the truly virulent bacilli (human, bovine and 
avian types), a change in character occurred in the large mononuclear 
cells, with increase in cytoplasm and development of the typical epithe- 
lioid-cell appearance. Tubercle bacilli could be seen within these, but 
were more numerous in the spots of suppuration developing in the regions 
of caseation. Detailed summaries for each period are given in connec- 
tion with the protocols. 

In the experiments in which both testes were inoculated, the one with 
human-type tubercle bacilli and the other with smegma bacilli, the 
latter in small dosage as compared with Sewall’s experiments, there 
appeared to be an initial difference in the gross reaction to the tubercle 
bacilli, from the usual picture on inoculation of one testis only with 
tubercle bacilli. The hyperaemia, characteristic of the testis from six 
to twenty-four hours after inoculation in the single-testis experiments, 
was uniformly absent in the double-testis experiment, as if some vaso- 
motor check were in effect. The ultimate effect of the tubercle bacilli 
in the presence of the small dose of smegma bacilli in the opposite testis, 
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however, was unchanged, extensive tuberculous damage, with the usual 
suppuration, resulting. On the other hand, the presence of progressive 
tuberculosis seemed to make the tissue less tolerant to the smegma 
bacillus, possibly because of the development of hypersensitiveness to 
persisting proteins of the acid-fast smegma bacilli. 
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THE REST TREATMENT OF NONTUBERCULOUS 
PULMONARY ABSCESS 


HOMER H. CHERRY 


Since the time of Sylvius, who first described tubercle (1695) and its 
relation to phthisis, giving to the profession the first dim ray of actual 
knowledge concerning the destructive pulmonary diseases, nontubercu- 
lous pulmonary abscess has been met with considerable apprehension. 
Its onset, when not following upon pneumonia or bronchiectasis, may be 
temporarily misleading, but when the liquefied contents begin to be dis- 
charged through a bronchus, perhaps several ounces of an odorous 
material within an hour, the malady becomes evident and exceedingly 
spectacular to both patient and attendant. Asa result of adopting such 
a sequence of events as indicative of lung abscess and failure to recognize 
milder symptoms associated with small abscesses, its occurrence has been 
considered rare. 

Not until X-rays and especially lipiodol came into use was it recognized 
that small abscesses developed and healed with minor disturbance. Its 
frequency even until recently has been, as reported in the literature, at 
considerable variance. Slightly less than one per cent of cases suffering 
from acute pulmonary disease admitted to the Hospital of the Rockefeller 
Institute (1914-1919) were of lung abscess. Contrast this with statistics 
from Bellevue Hospital, New York; there it was found that 2.5 per cent of 
6,000 autopsies (all diseases) showed lung abscess to be present. It will 
be recalled that lipiodol for the diagnosis of chest diseases was not 
generally used until 1922, which may account for these variations. Pul- 
monary abscess is much more frequent than is generally considered; 
following general anaesthetics small abscesses develop and run a mild 
course and heal, only prolonging recuperation from surgical procedures. 
' However, this having been observed to occur and the influence of bed- 
rest in bringing about spontaneous recovery having been observed, it is 
not my intention in this paper to decry surgical means of treating pul- 
monary abscess, nor to discuss them and the end-results of such treat- 
ment, since I have no original statistics to quote and contrast with those 
collected on medically treated cases. 
634 
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Pathology: The tissue injury and subsequent inflammatory reaction 
leading to clinical abscess is primarily an interstitial suppuration (7) and 
should not be confused with an intrabronchial inflammation. As the 
primary process expands, necrosis and liquefaction occur, and, when the 
macroscopic stage of pathological change has been reached, alveoli and 
bronchi alike have been incorporated in the process; it is the destruction 
of bronchi that prompts evacuation of the abscess preliminary to healing. 
Scanty fibrous tissue is present in the new or acute abscess (it is essen- 
tially a reaction to bacterial toxins), but when it has been in existence for 
a number of weeks (eight or more (14)) the original organisms have 
become attenuated, saprophytic bacteria are secondarily present, and 
the pus produced is reacted to by the tissue as it would react to a foreign 
body, in which instance much fibrosis develops and the abscess is said 
to be chronic. 

Classification: Aside from recognizing a new and a chronic phase and a 
single and multiple type, a pathological classification of lung abscess is 
incomplete. Various men have constructed classifications (5) (7) (18). 
The following approximately coincides with them all: 


(A) Duration 
(1) Acute 
(2) Chronic 
(B) Aetiology 
(1) Aspiration of foreign bodies and infected secretions 
(2) Secondary to bronchiectasis 
(3) Secondary to pneumonia and influenza 
(4) Infected infarcts 
(5) Injuries to chest 
(6) Friedlander’s pneumobacillus infection 
(7) Spirochaetic infection 
(8) Echinococcus cysts 
(C) Pathological 
(1) Single 
(2) Multiple 


A complete bacteriological grouping has not been attempted, it being 
considered that the organisms commonly found along the respiratory 
tract are the usual aetiological agents (1) (18). However, Smith’s 
convincing data (29) (30) should be recognized. He showed that fuso- 
spirochaetal infection is a much more common cause of lung abscess than 
it was previously thought to be. His opinion deserves and no doubt has 
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received approval. Any time the onset of lung abscess has been con- 
cerned with contact with Vincent’s angina or occurs in a patient suffering 
from this disease, or any time the initiating factor is obscure, fusospiro- 
chaetal infection should be considered, and as diagnostic measures the 
sputum examined for these symbiotic germs and arsphenamine given 
intravenously; the latter will prove invaluable as a therapeutic measure 
should Vincent organisms be present (25) (31). 

Treatment: There are only two courses to pursue; the patient must 
either be treated by a system of bed-rest, along with medical adjuncts 
such as postural drainage, ethyl-iodide inhalations, bronchoscopic drain- 
age, and the direct application of antiseptics or pneumothorax, or he 
must be treated surgically. To determine the course to pursue in each 
instance is the immediate burden on the attendant. Arrayed against 
surgery is haemorrhage, either at operation or during convalescence, 
protracted recovery with possible amyloid changes in the important 
organs, chest deformity, seriousness of chest surgery, and failure to 
eradicate the abscess. Against rest-cure may be given the danger of 
spread and increase in size of the abscess, intercurrent pneumonia, in- 
ability to secure adequate drainage, a substantial mortality rate, the 
tendency for a considerable number to become chronic, brain abscess, 
empyema or septicaemia. In the face of all these possibilities of an un- 
favorable change during the course of rest treatment one may hesitate 
to recommend a prolonged rest-period, but it is found that many of these 
complications are rare. Surgery has had among its strongest exponents 
Eggers (2), Lilienthal (12), Lord (15), Meyer (23) and Tewksbury (33). 
The pulmonary lip-fistula developed by Meyer (23), collapse by rib 
resection and lobectomy are the procedures of choice. Meyer first suc- 
cessfully used the lip-fistula method in 1924 (22). 

Rest Treatment: Only a few cases of chronic abscess will be cured by 
rest alone. Lord found that 22 per cent of cases having a duration of 
less than two months recovered; when the duration was greater than two 
months only 10 per cent recovered on rest alone. This would indicate 
that the sooner the treatment is instituted the more favorable will be the 
prognosis and that recent abscess should first be treated expectantly. In 
addition to this same conclusion being indicated by this series, others 
have frequently reached the same conclusion (2) (5) (7) (15) (17) (21) 
(24) (27) (32). Expressed in the words of Marietta (21), we find “med- 
ical treatment is the indicated treatment in the early and acute stage of 
all abscess of the lung;” in the words of Miller (25) “the primary and 
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basic treatment is absolute bed rest combined with postural drain- 
age.” 

Rest treatment of recent abscess, first tried by Green in 1860, will 
lead to one of two possible goals. The patient is either cured or he is 
brought to a preoperative condition highly facilitating operative inter- 
vention, provided complications have not arisen. It would seem wise 
to consider that any new pulmonary abscess may rapidly heal if adequate 
drainage through a bronchus exists. Giese (4), Marietta (21) and Miller 
(25) all observed this to be true. Using this as a basic fact upon which 
to proceed, time and great caution should then be exercised in selecting 
the course to pursue. Perhaps a period of rest not exceeding two months 
(3) (4) (14) (27) (36) should be given all cases, either chronic or of recent 
origin, and at any time during this course of rest treatment surgical 
interference can be advised should events arise to evince it. In this 
way no time is lost. 

To attain a permanent cure by rest, a prolonged period not unlike that 
required for tuberculosis should be contemplated. Nothing else will 
render permanent results. Relapses are frequent when insufficient time 
has been used. These facts should be explained to each patient at the 
outset. An institution similar to modern tuberculosis sanatoria is ideal. 
Here fresh air, the stimulating influence of the open, and quiet surround- 
ings essential for complete relaxation are obtainable. A moderately 
high caloric diet, with the vitamine content well balanced, is recom- 
mended. To be contented with the medical and nursing care, climate 
and other contacts facilitate recovery. Sun- and air-baths are valuable 
when the temperature and pulse are normal, and they may be given 
early in the disease provided the patient is not disturbed. 

During the early days of the disease cough must be controlled. This 
is best done by a liberal use of codeine sulphate and strict confinement 
of activities. Later, when the abscess becomes localized and danger of 
spread seems past, coughing sufficient to secure drainage may be en- 
couraged. Spector encouraged his patients to cough at all stages. The 
temperature is brought down by ice in the axillae or it may be necessary 
to resort to the use of antipyretics. When drainage begins the tempera- 
ture usually subsides of its own accord. Efforts should be directed to 
maintaining free drainage (9). 

Postural methods find their greatest value in aiding the latter. The 
patient can best be manipulated into the correct position by first study- 
ing the chest radiographs, after which the indicated position can be 
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secured in which the secretion will be raised freely. Apical and root 
abscesses usually drain best in a sitting position, and they are more apt 
to heal than basal or peripheral cavities (4) (14). Basal cavities may 
require the patient to be partly inverted by hanging the chest over the 
side of the bed (Von Quincke position). Occasionally drainage may best 
be secured in a lateral position with the diseased lung up. Mandelbaum 
(20) described the various positions of value, and encouraged drainage at 
frequent intervals. Hourly or every two hours during the severe stages 
is not too frequent; then as improvement is made the interval can be 
lengthened. If a continuous position for drainage with comfort to the 
patient could be maintained for long periods, results would be better. 
This entire method of treatment fails more on account of its not being 
carried out than on account of its being inaccurately prescribed. It is 
absolutely essential that faithful attendants be in charge, and the co- 
operation of the patient must be the best. 

How long a rest regimen should be continued when favorable results 
seem assured no one has ever definitely concluded. Pritchard (27) 
(1922) thought ‘‘a much longer period than ordinarily considered” was 
advisable; Klapper (11) (1924) found “thirty one days of convalescent 
cure” to be of great value, and recommended establishing institutions for 
such a function. Rest for two months “is a fair trial’ according to 
Lord (14) (1925), and again in 1927 (15) he considered bed-rest for 
“some weeks” esssential for all cases. Miller and Lambert, who recog- 
nize more fully the benefit of bed-rest, gave their patients (24) (1926) a 
“prolonged bed rest;” Jater Miller (25) (1927) regarded ‘months of 
absolute bed rest’ were required to attain full benefit from this method of 
treatment. He found that as more consideration was given bed-rest his 
mortality rate diminished substantially. When the summary of cases 
presented in this paper is examined it is found that bed-rest for the cases 
recovering has averaged 121.7 days. 

Similarly, as regards treatment, a marked similarity of symptomatic 
and X-ray progress exists between pulmonary tuberculosis and lung 
abscess. Frequently the two are so alike on radiographs that for the 
absence or presence of tubercle one could not hope to differentiate one 
from the other. First, there is a clearing of the collateral inflammation, 
then contraction of the cavity with ultimate obliterdtion and replace- 
ment with a small amount of linear fibrosis (figure 1B). This last may 
not remain. Cavity shadows on radiographs are much more evasive and 
fluid-levels are more generally exhibited in nontuberculous abscesses. 
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Fic. 1a. Case E. R. Multiple abscess, right midlung, as it appeared Fic. 1B. The same case after 200 days o 
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Another striking similarity of the two is the tendency to relapse. This 
accounts for the unfavorable consideration many have for the rest treat- 
ment of nontuberculous abscess. When brief periods of treatment are 
given replases are inevitable (25). 

If the abscess is complicated by the presence of a foreign body, re- 
moval as early as possible by the bronchoscope is essential. Unless for- 
eign bodies can be removed by this method or be coughed up, recovery is 
impossible (9). If Friedlinder’s pneumobacillus is the offending organ- 
ism recovery is improbable. The lesion will become chronic, and sub- 
sequent spreads will lead to a fatal end. When complicated by bron- 
chiectasis, pulmonary abscesses are apt to become chronic and the 
outlook is not good (2); when due to echinococcus cysts, they have never 
been successfully combated. 

Imperatori (8) attempted to treat pulmonary abscess by endobronchial 
irrigation; he was uniformly unsuccessful. Direct application of anti- 
septics has been resorted to; autogenous vaccines have been employed; 
emetin hydrochloride has appeared among the many therapeutic agents 
for this disease. Each of these has been of value in the hands of different 
men. Of all the adjuncts to rest therapy bronchoscopic drainage has 
enjoyed an increasing popularity which it merits (4) (9) (15) (17) (19) 
(36). Dilatation of drainage orifices, which frequently are inadequate to 
function sufficiently, can be accomplished by this procedure (10) in addi- 
tion to removing residual pus. Bronchoscopic drainage is not essential 
to recovery; none of this series was thus treated. 

When rest treatment has failed and surgery awaits its turn, the abscess 
has usually passed from the recent type, capable of making rapid changes 
in either direction, to the chronic type, which has few immediate possi- 
bilities but is certain to slowly lead the patient into an existence but little 
preferred to death. It is this assurance of chronicity until death that 
makes all chronic abscesses surgical cases (24). 

Time and perhaps serial radiographs are the best factors upon which 
to judge the chronicity of the lesion. Giese (4), Lord (14) and Miller 
(25) all considered abscess to be chronic after two months. A thin- 
walled abscess cavity may wax and wane for weeks, showing little tend- 
ency to fibrosis, which means that it should have been considered all the 
time to have been a new process. When the abscess-wall and surround- 
ing pathological process assume a stationary and dense appearance on 
the radiograph, indicating the presence of considerable fibrosis, and the 
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patient’s symptoms subside, the chronic stage and the time for surgery 
have been reached. 

In the hands of Tewksbury and others (16) (28) both chronic and 
acute abscesses have responded most favorably to pneumothorax. Giese 
found that chronic abscess was most amenable to this form of treatment. 
Those cases chosen for this mode of therapy should have good drainage 
present and the abscess should not be located close to the pleura peri- 
pherally or near an interlobar septum, in which case rupture into the 
pleural space with subsequent empyema may occur. Case L. A. of this 
series was treated unsuccessfully, first, by artificial pneumothorax, and 
then thoracoplasty. 

It would seem from these statistics that bed-rest is again to occupy a 
a major position in an outline of therapy for one of the severe human 
illnesses, and that a brilliant showing may come out of what has seemed 
to physicians a hopeless state of affairs. This may seem a little too 
optimistic. 

I do not hope in this paper to make some radical change in modern 
therapeutics, as may be seen from the literature reviewed. I do hope, 
however, to remind the reader that in the treatment of lung abscess, 
like the treatment of tuberculosis, rest is apt to be underemphasized 
more often than overemphasized. From the accompanying summary of 
cases it is obvious that rest, instituted early and prolonged over a number 
of weeks, results in a substantial number of cures. Most of these cases 
received treatment in the manner of tuberculous patients; no effort was 
made to accomplish a cure within a brief period. In addition to a high 
percentage of cures relapses have not occurred except in one instance. 
This case was on treatment only nineteen days before returning to work. 

Prognosis: The outlook for patients with lung abscess has been viewed 
with increasing optimism in recent years. Unassociated with a few 
conditions mentioned elsewhere in this paper, which make recovery 
most uncertain, lung abscess will respond to treatment, as here outlined, 
in from 60 to 70 per cent of the cases. Exceedingly low rates of recovery 
have been reported for rest-cure alone. Lockwood (13) found that 58 
per cent of his patients died if treated on rest alone; when treated sur- 
gically a mortality rate of 35 per cent was incurred. Spector (32) was 
able to cure 54 per cent of his patients by the expectant method. _Lil- 
ienthal reported a 45 per cent (12) operative mortality rate; Eggers (2) 
found that he could cure only 42 per cent of his cases when carried on the 
rest-cure; when his patients came to surgery, following a preliminary 


Fic. 38. Same patient after four months of bed-rest. Recovery had 
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Fic. 3A. Basal abscess be bronchiectasis. 
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period of rest, 51 per cent were cured. Pritchard (27) reported 50 per 
cent of his patients recovering. Lord (15) in 1927 considered that only 
10 per cent would recover when treated by rest and that 75 per cent 
would die; surgically treated, only 15 per cent would recover. Miller 
and Lambert (24), after recognizing the full benefit of bed-rest in curing 
or preparing their patients for surgical intervention when indicated, were 
able to report a mortality rate as low as 24 per cent. This included 
cases both surgically and medically treated. These statistics are con- 
fusing, since as many views are represented as there are men quoted. 
Surgeons have been prone to overlook the phase preparatory to 
operation; cases have come to surgery that would have recovered on rest 
treatment and vice versa. There has been persistent omission of a three- 
to five-year follow-up period subsequent to reporting cases as having 
improved; abscess due to one cause, following tonsillectomy for example, 
responds more readily to treatment than when due to other causes. 
For all of these reasons and many others it is impossible to determine 
with much accuracy the percentage of a given group of cases that will 
recover. And I like to use the term “recover” or “‘healed” because any 
pulmonary abscess that has not completely healed is potentially a menace 
to life, and so called improvement can only be regarded as temporary. 


CONCLUSIONS 


1. Early and prolonged treatment of pulmonary abscess results in 
the permanent healing of a much larger number of cases than generally 
considered. 

2. Abscess engrafted on bronchiectasis, abscess due to Friedlainder’s 
pneumobacillus, or chronic abscess due to any cause responds poorly to 
this mode of treatment. 

3. Multiple abscesses heal not unlike single abscesses on rest therapy. 

4, Rest treatment, uneventfully carried out, leads to one of two things: 
(1) cure of the abscess or (2) improvement of the patient’s condition 
so that operative hazards are the fewest. 


I am very grateful to Dr. Lawrason Brown for his assistance in the preparation of 
this paper. 
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THE TREATMENT OF PLEURAL EFFUSIONS COMPLI- 
CATING ARTIFICIAL-PNEUMOTHORAX THERAPY 


J. P. NALBANT! 


In connection with the treatment of pleural effusions complicating 
artificial pneumothorax it would be well to mention a few things about 
the pathological changes that take place in the pleura in the presence of 
an effusion. 

In an effusion which complicates artificial pneumothorax the pleura 
undergoes histological changes which greatly reduce its permeability. 
This pleural damage, which consists mainly of thickening, the formation 
of granulation tissue and deposition of fibrin over its surface, is respon- 
sible to a great extent for the failure of the absorption of the fluid. 

Animal experiments show that the normal pleura has a high permeabil- 
ity for the constituents of the blood, which pass readily through this mem- 
brane both from the pleural cavity to the systemic circulation and from 
the latter to the cavity. Likewise, clinical observation indicates clearly 
that in pleural effusions complicating artificial pneumothorax the in- 
ability of the pleura to resorb the fluid is mainly due to changes in its 
permeability and not to the chemical constitution of the fluid. This 
has been shown recently by Pinner, Moerke and Saley (1). 

The character of the fresh effusion is not remarkable; that of the old 
effusion is sometimes distinctive. ‘The effusion may be clear and thin or 
it may be thick and turbid. The clear fluid contains a few red blood 
cells, small lymphocytes, endothelial cells derived from the lining of the 
pleura, eosinophiles and large mononuclears (Burrell (7)). In Pinner’s 
(1) series, 7 of 28 specimens had less than 30 per cent lymphocytes, only 
5 had an appreciable percentage of eosinophiles, and 13 had 10 or more 
per cent of large mononuclears. Bacteriological examination revealed 
no secondary microérganisms except where infection is introduced 
through surgical procedures or by spontaneous rupture of the lung. As 
to the presence of tubercle bacilli in these fluids, Pinner concluded that 
they usually contained tubercle bacilli, although this was difficult to 
prove in some cases. 


1 Wm. H. Maybury Sanatorium, Northville, Michigan. 
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Aetiology and Incidence: Pleural effusion is the most frequent compli- 
cation encountered during treatment with artificial pneumothorax. 
Numerous theories have been presented and many factors have been 
considered in an effort to fix the blame on a certain specific cause for the 
formation of the effusion. Among the causes mentioned the most 
common are (1) differences in the temperature of the patient and that 
of the air introduced, the gas being usually colder (Andreoni (2) believes 
that the incidence of effusions is much greater during winter and cold 
seasons than in summer); (2) induction of the gas too rapidly; or (3) 
introduction of too much air at one sitting,—some consider the appear- 
ance of the fluid a response to irritation by the air acting as a foreign 
body in the pleural cavity (Bullock and Twichell (3)); and (4) the pres- 
ence of adhesions (Stobie (4)), especially in the upper part of the lung, 
and more frequently when the pressure in the pleural cavity runs up to 
the positive side. Numerous other causes have been mentioned, such 
as pressure on the pulmonary vessels at the root of the lung, intercurrent 
affections, introduction of minute portions of the tissues through which 
the needle has passed, overexertion, menstruation, injury to the visceral 
pleura, the state and type of the disease in the lung, separation of ad- 
hesions, age of the patient, presence of small foci of active disease or of 
tubercles on the pleural surface, resistance of the patient, introduction 
of novocaine, etc. The number of causes given in itself makes one some- 
what cautious about putting much stress on any one of them alone. 
There is probably no one specific cause and a combination of many fac- 
tors is responsible; of these, the ‘‘response to irritation to a foreign body” 
appears to be the most important one. 

The incidence of effusion during pneumothorax treatment is great. 
Boonshaft (5) reported 47 per cent of all his pneumothorax cases, and 
Stobie (4) about 50 per cent. At the William H. Maybury Sanatorium, 
out of 226 pneumothorax cases studied, the incidence of fluid, as shown by 
either roentgenograms or physical examination, was found to be 53.5 
per cent. We agree with Matson (6) that effusions occur in large num- 
bers of pneumothorax cases, but that many are not detected because of 
their small size or transient nature. The amount of fluid formed varies 
with every patient. The size of the effusion will vary from only a trace, 
which is just sufficient to obliterate the costophrenic angle and is usually 
transient, to a moderate amount which will persist for weeks or months, 
and occasionally to massive amounts which will lead to distress. Of our 
120 cases of effusion, 58 had small amounts, 44 had moderate amounts, 
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and 18 had massive amounts; 12 had tuberculous empyema. Two cases 
had secondary infection; one of these was caused by a spontaneous rup- 
ture of a large cavity into the pleural space, and the other occurred dur- 
ing pneumothorax treatment. This was the only case in which the 
possibility of external infection was suspected. 

The symptoms during onset of the effusion are well known. If the 
onset is very gradual, there may be no appreciable symptoms other than 
slight malaise, loss of appetite or slight pain in the chest. If the onset 
is more abrupt, symptoms are more conspicuous and are manifested by 
pleuritic main, chills, general malaise, digestive disturbances, loss of 
weight, etc. 

Sequelae of Untreated Hydropneumothorax: The effects of an untreated 
effusion are many, and some of them determine the prognosis of the 
patient to a great extent. An exudate occurring during treatment with 
pneumothorax has a deleterious effect on the lung by leading to extensive 
fibrotic changes in both the visceral and the parietal pleura as well as 
in the peripheral portion of the collapsed lung. The decrease in normal 
pulmonary capacity is directly proportional to the amount of fluid pres- 
ent, the character of the fluid and its duration. A long-standing fluid 
will cause great thickening of the pleura (both parietal (1) and visceral 
(2)), and will thus mechanically prevent a satisfactory and complete re- 
expansion of the lung when treatment is discontinued. The formation 
of new adhesions is another one of the important and dreaded sequelae 
of effusions, and is the direct cause of many failures in pneumothorax 
treatment. 

Another serious complication of effusions is tuberculous empyema 
with thickening of the fluid, in which tubercle bacilli are abundantly 
found. Empyema of long standing gives the patient a distinctly poor 
prognosis by predisposing to amyloid disease, by causing more or less 
continuous fever, loss of appetite (therefore loss of weight), and a very 
depressed mental attitude, which is so important in the treatment of the 
disease. Sauerbruch (8) estimated that 15 to 20 per cent of pneumo- 
thorax patients with this complication die in a few years. McKinney 
(9) found that 5 per cent of pleural effusions become purulent. 

In connection with this paper the author studied a group of 50 cases of 
effusions in the presence of artificial pneumothorax. None of these had 
received any treatment for their fluids except when discomfort, due to an 
excessive amount, was noticed by the patient. Of this number, 26 
(52 per cent) were absorbed spontaneously. The average length of time 
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of spontaneous absorption was 4 to 5 months. Adhesive pleuritis de- 
veloped in 26 (52 per cent) of the 50 cases. 

One of the most important sequelae of untreated pleural effusions is 
adhesive pleuritis, which is the direct cause of discontinuation of many 
originally successful pneumothorax cases. 


TABLE 1 


Group of 20 control cases which showed no tendency to spontaneous absorption, with compli- 
cations arising from nontreatment 


RESULTS OF NONTREATMENT OF THE FLUID 


AMOUNT OF DURATION OF 
EFFUSION EFFUSION Obliterative 


pleuritis 


NUMBER 
Pneumothorax 


Empyema discontinued 


rib months 
8 Yes; basal 
adhesions 


Yes; basal 
adhesions 
Yes 
Yes; basal 
adhesions 
2nd 
6th 
4th 
2nd 
6th 
2nd 
1st 
6th 
2nd 
4th 
2nd 
2nd 


Number of cases that de- | Number. of cases that de- /Pneumothorax 
veloped obliterative pleu- veloped tuberculous em- treatment 
ritis: 17, or 85 per cent pyema: 7, or 35 per cent abandoned: 

16, or 20 

per cent 


In our clinic we have often been confronted with the unpleasant ex- 
perience of being forced to abandon pneumothorax treatments on account 
of excessive fluid, or gradual creeping up of the pleural adhesions, thus 
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partially or completely obliterating the pleural space. The old idea of 
leaving effusions alone until signs of discomfort or dyspnoea, or cardiac 
symptoms appear, has proved to be too conservative an attitude to take, 
especially since we have seen undesirable sequelae of such effusions when 
not treated. 

To show the complications and deleterious effects of an effusion in the 
presence of artificial pneumothorax a group of 20 cases was studied (table 
1). All patients had developed an effusion during a course of pneumo- 
thorax treatment and none had shown any tendency to spontaneous ab- 
sorption. The length of time the fluid persisted in this group was from 
two to twenty-two months, and the amount of fluid ranged from a quan- 
tity reaching the 6th rib to that reaching the ist rib anteriorly. 

Of the 20 patients 17, or 85 per cent, developed obliterative pleuritis. 
In all except two of the latter pneumothorax had to be discontinued 
because of either a complete loss of space or very high positive pressures 
reached in the remaining pleural space upon the introduction of a small 
amount of air. 

In this group of 20 cases we found that seven, or 35 per cent, had de- 
veloped empyematous effusions,—thick, flocculent fluids which could 
hardly be aspirated by large needles. The development of empyema in 
which tubercle bacilli are abundantly found, very often on smears, de- 
cidedly changes the prognosis of the patient toward a less favorable out- 
come. Not only must pneumothorax treatments be discontinued, unless 
the fluid is very small in amount, but many patients become definitely 
toxic. and anaemic, and lose their appetite and weight. Unless the fluid 
is aspirated or the surgeon intervenes the outcome is hopeless. 

Table 1 also shows the total number of pneumothoraces abandoned 
on account of either obliterative pleuritis or empyema. Sixteen out of 
twenty, or 20 per cent, of once successful pneumothoraces were dis- 
continued for one or the other or both of the complications mentioned 
above. These untoward results, we think, may be prevented in the 
majority of cases, and with this belief in mind we have tried the simple 
method which we advocate, and have obtained fairly good results. 

Treatment: The management of effusions occurring during pneumo- 
thorax treatment may be considered from two standpoints: (1) pre- 
ventive measures and (2) treatment of the effusion itself. Both of these 
are in an experimental stage. From the standpoint of prevention little 
of certain, established value is known. Advice is always given against 
exposure to chilling, cold, damp weather and excessive exertion. This is 
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good rational advice and it may prevent a good deal of trouble, but many 
patients form fluid in spite of all precautions. In general, drugs avail 
little, although recently a number of workers (Boonshaft (5), Warnecke 
(10), Guth (11) and Gonzalo (12)) have used calcium chloride intra- 
venously and by mouth as a prophylactic and restorative measure and 
have reported very favorable results. Boonshaft (5) reported 15 cases 
which were given calcium chloride intravenously early in the pneumo- 
thorax treatment with the result that only one developed fluid. Gonzalo 
used it in 7 cases with complete resorption of the effusion. 

What are the indications for the treatment of this complication? 
These are several in number and have been given very clearly by Chand- 
ler (13), as follows: (1) fever, (2) large amount of fluid, (3) protracted 
fluids, (4) threatening obliterative pleuritis, and (5) tuberculous em- 
pyema. We are in complete agreement with these tenets and have ac- 
cepted them as our guide in the treatment of effusions. 

Concerning treatment, however, we differ with Chandler. The 
method advocated by Chandler and others (Fontaine (14)) is that of 
oleothorax. The handling of effusions has been a matter of more or less 
experimentation, with efforts directed toward either making the fluid 
itself more absorbable or facilitating the resorption by an effect on the 
body. In our clinic several patients were injected with 2 per cent forma- 
lin in glycerine directly into the effusion when the latter was empyema- 
tous. This was introduced in repeated doses in amounts of 10, 15, 20 
and 30 cc. at intervals of about one week. This led to changes in the 
character of the fluid, which was converted from a greenish-yellow, 
homogeneous pus into a relatively clear fluid containing thick flocculent 
masses, but the fluid showed no more tendency to absorb than it did be- 
fore the treatment. Indeed matters grew worse, because the fluid fre- 
quently became so thick that it could not be aspirated. 

Failing with drugs, we had recourse to the simple expedient of aspira- 
tion, which was repeated often enough to keep the fluid at a minimal 
level of accessibility. The frequency of aspiration naturally depends 
upon the rate of reformation, which varies according to the individual 
case. During the first aspiration all the fluid present was withdrawn, 
and a special effort was made to obtain even the last few ounces by tilting 
the patient toward the aspirating needle. 

In place of the aspirated fluid some air was introduced, usually an 
amount corresponding to the number of cubic centimetres of fluid with- 
drawn. This we have found to be important because of the fact that in 
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some cases the lung will reéxpand rapidly as soon as the fluid is with- 
drawn; and also because very commonly aspiration of large amounts of 
fluid will bring about a high negative pressure in the pleural cavity, which 
will cause a rapid shifting of the mediastinal structures and heart to the 
aspirated side, thus causing symptoms of discomfort, dizziness, palpita- 
tion or dyspnoea. 

After the first aspiration the patient was under close observation. If 
there was evidence of recurrence of the effusion within ten days, the pro- 
cedure described as the first aspiration was repeated, always aiming to 
obtain the last drop of fluid. This procedure was repeated several times 
if found necessary. When the fluid was so thick that it was impossible 
to withdraw it by means of ordinary aspirating needles, it was diluted 
by injecting sterile saline solution or distilled water into the effusion 
and was then aspirated, using a trocar if necessary. In this way our 
effort was directed to keeping the pleural cavity relatively dry, and it 
was found that this could be accomplished by frequent aspirations. 

The above-mentioned procedure gave very gratifying results, for in 
most of our cases the effusion was “‘dried up” in a short time. (See 
figures 1,2, 3 and 4.) As it is shown in table 2, in five of the cases no 
recurrence occurred until six months after the first complete aspiration. 
The method was the same for both clear effusions and thick empyematous 
fluids. In this way 27 cases with effusion, ranging from moderate to 
large in amount, were treated. Nine of these were empyematous fluids 
of from thin to very thick flocculent consistence. The duration of the 
fluids before therapeutic aspiration was instituted was from one to 12 
months (table 2). 

The 18 clear effusions ranged from small to very large amounts; meas- 
uring in rib spaces, they were between the 6th and the 2nd ribs. The 
number of aspirations varied, as noted before, with the individual case, 
5 cases having shown no recurrence for at least six months following the 
first aspiration. On the other hand, there were cases that required 
weekly aspirations for 9 to 10 weeks before the effusion stopped reform- 
ing. Of the 18 cases only 3 still have a small amount of fluid. The re- 
maining 15 cases became dry after the respective number of aspirations 
shown in table 2. All of these were dry for periods of from three months 
to 25 years. Of these 15 cases 3 showed recurrence of the effusion 
after the sixth month and two after the seventh month. 

The 9 empyematous effusions treated by the aspiration method gave 
just as gratifying results as the clear fluids. The number of cases dried 
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Fic. 1. X-ray film showing left hydropneumothorax of 4 months’ duration. Fluid showed 
o tendency to spontaneous resorption. Four aspirations within a period of 3 weeks were 
ifficient to dry up the pleural space. Fluid was clear. 

Fic. 2. Same patient as in fig. 1, eight months later, showing no fluid. Patient has been 
ischarged from the Sanatorium and continues pneumothorax treatment in the outpatient 
inic. Fluid recurred after six months of absence. 

Fic. 3. This patient developed fluid in July, 1929, which increased until March, 1930. 
spirated seven times; last withdrawal of fluid in September, 1930. Has been free from fluid 
p to the present time. 

Fic. 4. Same patient as in fig. 3, showing no fluid, and continuing pneumothorax treat- 
1ent; patient in very good general condition. 
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up was 8, or 88.8 per cent (table 3). The only major difference between 
the two types of fluids seemed to be the fact that empyematous fluids re- 
quired a greater number of aspirations, as a comparison of tables 2 and 
3 will show. 

Two of the eight that responded to the treatment used showed recur- 
rence of their empyematous fluid after the sixth and seventh months re- 


TABLE 2 
Eighteen cases of pleurisy with clear effusion treated by the aspiration method. (Asterisks indicate 
cases in which fluid reappeared after the time noted) 


JRATION 
NUMBER AMOUNT OF oe NUMBER OF TOTAL AMOUNT LENGTH OF TIME 
EFFUSION ASPIRATION ASPIRATIONS ASPIRATED PLEURA HAS BEEN DRY 


rib months bt. 
2nd 12 2 ,030 6 months* 
4th 1,750 6 months* 
2nd 4 ,320 9 months* 
4th 200 7 months* 
5th 365 18 months 
3rd 4,645 Fluid persists 
4th 1 ,000 8 months 
2nd 1.375 7 months* 
6th 120 8 months 
6th 350 6 months 
3rd 2,600 Fluid persists 
2nd 550 3 months 
4th 1,720 30 months 
4th 2,070 Fluid persists 
3rd 705 8 months 
3rd 1,405 6 months* 
3rd 2,950 11 months 
2nd 1,300 12 months 


on 


| 
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Average number of aspirations: 3.8 
Number of cases favorably affected by aspiration: 15, or 83.3 per cent 


spectively. The patient that had the greatest number of aspirations 
shown in table 3 we have considered as dry, because of the fact that for 
over 12 months only a trace was seen of what originally was a very thick 
flocculent fluid, which was heavily positive for tubercle bacilli on smears, 
and this amount has shown no tendency to increase. 

None of the 27 cases developed adhesive pleuritis to the extent that 
pneumothorax treatment had to be abandoned because of loss of space. 
No complications of any sort that could be attributed to this form of 
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treatment were encountered. Small abscesses developed at the site of 
aspiration in one patient with empyema, but these healed promptly as 
the fluid became less and the patient’s general condition improved. 
Likewise, no secondary infection of any fluid resulted, in spite of frequent 
aspirations. There has been no untoward effect from frequent aspira- 
tion. On the contrary, the procedure was followed in every case by im- 
mediate improvement in symptoms, subsiding fever, improved appetite 
and gains in weight. The pneumothorax was continued as if no fluid had 


TABLE 3 


Nine cases of tuberculous empyema treated by the aspiration method. (Asterisks indicate cases in 
which fluid reappeared after the time noted) 


AMOUNT OF gee NUMBER OF Penna LENGTH OF TIME PLEURA HAS 
EFFUSION | BEEN DRY 


rib months ce. months 


2nd 9 1,590 |4 
1st 8 10,000 |12 (Only trace left with no 
increase for 12 months) 
3rd 4 3,200 {8 
4th 500 |6* 

4th 4 3,300 |2 (Patient died with spread 
on opposite side) 

4th 300 |6 (Died after thoraco- 
plasty) 

3rd 600 |7* 

4th 1,300 |6 
3rd 2,000 Fluid still present (6 
months of treatment) 


Average number of aspirations: 5.6 
Number of cases dried up by aspiration: 8, or 88.8 per cent 


existed. There seems to be no doubt as to the marked efficacy of this 
simple method of treatment when the indications are present. In fact, 
any form of treatment is justifiable when it promotes the disappearance 
or prevents the continuous formation of an effusion during pneumothorax 
treatment. The great majority of the thick empyematous fluids are 
originally clear and contain very few tubercle bacilli, which can only be 
discovered by culture or animal inoculation. When the clear fluids are 
left undisturbed and if they do not resorb spontaneously, they become 
purulent and the bacilli multiply, thus forming a chronic tuberculous 
empyema. In the past we have been led to believe that these empyemata 
could be cured only by thoracoplasty; however, in this paper the author 
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has endeavored to show that some, if not all, can be cured or arrested 
without resorting to so radical a surgical procedure, and he believes 
that so simple a treatment as aspiration should be given at least a fair 
trial. The prevention of an empyema following a clear effusion is com- 
paratively simple; it consists of getting rid of the clear fluid before it 
becomes empyematous, and we have found that the only reliable method 
is aspiration as we have done it in our Sanatorium. It must be borne 
in mind that many fluids in small amount disappear spontaneously, but 
the disappearance should occur in less than four months. If this does 
not occur, aspiration should be employed. 


CONCLUSIONS 


1. Effusions are common complications in artificial-pneumothorax 
patients. 

2. All clear effusions in the presence of pneumothorax should be as- 
pirated when they show no tendency to spontaneous absorption, in 
order to prevent obliterative pleuritis and tuberculous empyema, and 
to improve the general condition of the patient. 

3. Eighteen cases of clear and 9 cases of empyematous fluid were 


treated by aspiration, with complete resorption in 83.3 per cent of the 
cases in the first group and 88.8 per cent of those in the second group. 

4. Aspiration was found to be a better and simpler method of treat- 
ment than any other method thus far advanced. 


I am greatly indebted to Drs. B. H. Douglas, H. S. Willis and Max Pinner for their invalu- 
able assistance in the preparation of this paper. 
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METAPHEN-IN-OIL IN THE TREATMENT OF PLEURAL 
EFFUSIONS COMPLICATING PNEUMOTHORAX?! 


I. ELLIS RUDMAN anp RICHARD T. ELLISON 


Pleural exudates are the most common and frequently the most 
troublesome complications that may arise in the course of the treatment 
of pulmonary tuberculosis by artificial pneumothorax. Dumarest and 
Brette (1) state that in 265 cases of artificial pneumothorax 186 pleural 
effusions occurred, 42 of which were purulent. They call attention to 
the fact that of the 186 cases reported 88 occurred in instances of selec- 
tive or partial pneumothorax, and of these last, 14 were purulent. Von 
Muralt (2) believed that the discrepancies in the percentages of the effu- 
sions occurring in the course of pneumothorax, as reported by various 
authors, are due to the fact that the cases are not observed long enough. 
In fact, Peters of the Loomis Sanatorium believes that all cases of arti- 
ficial pneumothorax, at some time or other, show fluid in the pleural 
cavity. 

The appearance of an effusion is considered of little consequence as 
long as it fills only the costophrenic angle or at the most covers the dia- 
phragm. ‘These exudates are transitory in character and disappear after 
several weeks or months. In the prevention and treatment of such 
effusions Boonshaft (3) advocates the use of calcium chloride, but, after 
the effusion has lasted three or four months, definite changes occur that 
are of great importance,—the albumin content and the specific gravity 
rise and cellular elements increase rapidly. Tubercle bacilli are more 
readily found and, if the effusion is left a sufficient length of time, sapro- 
phytic secondary invaders may be found. The fluid may increase in 
spite of repeated aspirations and replacements with air. 

The dangers of effusions are well known to those who practise arti- 
ficial pneumothorax. The increase in the positive pressure to dangerous 
proportions may lead to the rupture of adhesions, displacement of heart 
and mediastinum, herniation, thickening of the visceral and parietal 
pleurae, expansion of the lung below the fluid level and obliterative pleu- 
ritis. Occasionally the fluid will go through a rapid series of changes. 


1 From the Home for Consumptives, Chestnut Hill, Philadelphia, Pennsylvania 
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The lymphocytic character will change to a purulent type, making as- 
pirations more difficult and finally impossible. Stivelman and Rosen- 
blatt (4), after a careful study, have discarded the expectant treatment 
and have come to the conclusion that exudates in the pleural cavity 
should not be allowed to remain and organize. 

Dumarest and Brette (1), on the basis of their observations, have classi- 
fied these effusions as 


1: Simple or benign; only noted in the course of X-ray examinations 
2: Tuberculous pleurisies 

a: Serofibrinous; readily absorbable 

b: Chronic serofibrinous; absorbed slowly or not at all 

c: Purulent; due to secondary invasion of saprophytic organisms 
3: Septic pleurisies resulting from general infections 
4: Those due to pulmonary perforations 


Pinner and Moerke (5), in their excellent and exhaustive monograph 
on pleural effusions, come to the conclusion that ‘The failure of resorp- 
tion of pleural exudates cannot be explained by their chemical constitu- 
tion; it must be due to an alteration in the permeability of the pleura.” 
Higgins (6) of the Mayo Clinic, in a study of the lymphatic drainage of 


the diaphragmatic pleura in pneumothorax, states that his studies 


clearly demonstrate two sets of lymphatic channels which drain from the 
diaphragmatic pleura and the intercostal fascia of the wall of the chest into 
the peritoneal space or into the retroperitoneal tissue dorsal to the kidney, 
and thus constitute an effective avenue for the transfer of infective organisms 
from the involved pleura to the peritoneum or to the perirenal areas. 


These facts have long been recognized by a good many observers. 
Various means and methods have been suggested and employed to treat 
these conditions. In the serofibrinous type, in which the chief difficulty 
is due to the organization of the pleural elements, Hermansdorfer (7) 
suggests the use of a solution of chlorohydropeptone, the use of which, 
however, is limited mainly to the so called sterile effusions. The list of 
remedies suggested is long, and among them can be mentioned some that 
have had more or less vogue but were soon discarded,—aspiration and 
irrigation with weak sodium-carbonate solution, and the introduction 
of a 2 per cent formalin-glycerine mixture, which however was found to 
be extremely irritating to the pleura. The use of mercurochrome has 
many advocates. Wenow havea patient under our care who was treated 
by this last-mentioned method at another institution. He reports that 
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after a most severe and violent reaction, characterized by high fever, in- 
tense pain, vomiting, nausea and diarrhoea, no further attempts to use 
it were made. More favorable reports are found in the literature as to 
the use of methylene-blue. This method is not entirely new, as Stivel- 
man and Rosenblatt (4) record its injection into the chest in pleurisy by 
Lewis in 1899 and in empyema by Nobecourt in 1915. No lasting bene- 
fits are ascribable to any of these methods. Duboff (12) reported a 
series of 20 cases that were allowed to pursue their natural course without 
treatment. Ten of these empyemata eventually ruptured, six through 
the chest-wall and four into a bronchus, while in a number of other 
cases the patients developed amyloid changes. 

An agent must be sought, therefore, for the treatment of this serious 
complication of artificial pneumothorax which will meet the following 
requirements: 


1: It must be simple in its method of administration and require no cumber- 
some apparatus for its use. 

2: It must not cause undue irritation of the pleura. 

3: It must liquefy the debris present in the exudate. 

4: It must be distinctly bactericidal to the saprophytic secondary-invading 
organisms. 

5: It must have a bacteriostatic or bacteriolytic effect on the tubercle bacillus. 
6: Its presence in the pleural cavity must prevent pleural symphysis. 


In 1923 Raiziss (8) made an extensive study of the chemical compounds 
involving the nitro-benzene-mercury group, and found that the com- 
pound 4-nitro-anhydro-hydroxy-mercuri-ortho-cresol possessed greater 
germicidal properties than mercuric chloride and other common anti- 
septics, being especially destructive for staphylococci and other bacteria 
of the same group. The bactericidal effects on other microérganisms 
was found to be also very high. This is especially true of the spore- 
bearing bacilli, such as Bacillis subtilis and anthrax. This new com- 
pound, 4-nitro-anhydro-hydroxy-mercuri-ortho-cresol, was given the 
name of Metaphen. The bactericidal and bacteriostatic properties of 
Metaphen were recently studied by Birkhaug (9). According to this 
author Metaphen possesses unusual disinfecting and antiseptic powers. 
He found that when Staphylococcus aureus was used as a test organism 
Metaphen had a phenol coefficient of 1500. When dissolved in equal 
amounts of human serum and broth Metaphen was 400 times more 
efficient than mercurochrome against Staphylococcus aureus. The dilu- 
tion of Metaphen which inhibits the growth of Staphylococcus aureus 
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after 48 hours’ incubation is 1:16,400,000, while mercuric chloride in- 
hibits the same organism in a dilution 1:32,000. Hirshfelder and 
Wright (10) made an excellent study of the colloid chemistry of anti- 
septics and chemotherapy and the effect of antiseptics upon proteins. 
In this work the authors state that ‘““Metaphen, an organic mercury 
compound. . . . is crystalloidal in nature and does not produce 
changes in the ultramicroscope to any marked degree when used with egg 
albumin or plasma.” 

Various preparations of Metaphen are available. For our purpose we 
chose Metaphen-in-oil, which is a solution of Metaphen in pure neutral 
olive oil of appropriate viscosity. In a study of the bactericidal proper- 
ties of Metaphen-in-oil on Staphylococcus aureus, on the gonococcus and 
on Bacillus typhosus by Raiziss and Severac (11), it was found that in a 
one-hour exposure Metaphen-in-oil destroys Staphylococcus aureus in a 
dilution of 1:80,000. Gonococci were killed by a dilution of 1:200,000 
in one minute. In a dilution of 1:500,000 gonococci are killed by a five 
minutes’ exposure. A one-hour exposure destroyed the Bacillus ty- 
phosus in a dilution of 1:20,000. 

The following experiment was done by Dr. Raiziss to test the bacterici- 
dal effect on tubercle bacilli. A heavy growth of tubercle bacilli on 
Petroff’s egg medium was used in this experiment. A suspension of the 
bacilli removed from media was prepared in sterile salt solution and 
shaken with glass beads in the shaking-machine for fifteen minutes. It 
was then filtered through absorbent cotton to remove any clumps and 
diluted to tube no. 10 of the nephelometer. An equal part of the drug 
(Metaphen water-soluble) was then added to the suspension of the ba- 
cilli and two 4-millimetre loopfuls were subcultured on Petroff’s egg 
medium at different periods of time, during which the bacilli were ex- 
posed to the various dilutions of the drug. Suspensions of the tubercle 
bacilli in salt solution were used as controls. 

From table 1 it is seen that the bacteria exposed to Metaphen, 1: 3,000, 
were destroyed after 5- to 24-hour contacts. Controls showed heavy 
growth after exposure to the salt solution for five hours and twenty-four 
hours. These subcultures were observed for several weeks. 

Encouraged by this definite evidence of the bactericidal action of 
Metaphen on tubercle bacilli as well as the common pyogenic organisms, 
we decided to use it in tuberculous empyema complicating artificial pneu- 
mothorax and also in cases of serofibrinous effusions that threatened to 
become purulent. Familiar with the use of Metaphen-in-oil in the urin- 
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ary tract and having personally instilled it into the bronchial tree, we 
felt sure that there was no danger of irritation of the pleura or of systemic 
poisoning from absorption of the mercury. We were also familiar with 
the results following oleothorax. If, then, the bactericidal properties 
that were demonstrated experimentally were retained in vivo, this combi- 
nation of Metaphen in an oily solution should be of definite benefit. 


TABLE 1 
Bactericidal effect of metaphen on tubercle bacilli 


TIME OF OBSERVATION 


TIME OF 


— EXPOSURE Day 


bercle bacilli in 
salt solution 


Suspension of tu- | 


The evaluation of any new agent or method of treatment, however, 
can be made only after its trial and observation in a large series of cases. 
This paper, therefore, cannot be considered more than a preliminary 
report as only four cases have been chosen for citation: However, our 
results have been so encouraging that we venture to say that the use of 
Metaphen-in-oil will find its place in the armamentarium of phthisiolo- 
gists, as it seems evident that by its use we can prevent some of the dis- 
astrous effects of severe tuberculous empyemata. We must thank the 
ingenuity and painstaking research of Dr. Raiziss for developing an anti- 
septic sufficiently powerful to “sterilize” the pleural cavity without pro- 
ducing any evident local reaction or any systemic effect. 


Case 1: Mrs. G.; age 22. Clinical onset in August, 1929, following birth of 
first child. She cured at home for next year, but without influencing progres- 
sive downward course of disease. On July 5, 1930, she was admitted to Home 
for Consumptives of the Philadelphia Protestant Episcopal City Mission. 
Weight 91% lbs.; general condition poor; cough almost incessant; thirty to 
forty purulent expectorations daily; temperature hectic, reaching 101° to 
103°F. in afternoons; sedimentation of blood showed drop of 105 mm. in first 
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hour. Roentgen-ray examination at this time showed “Ulcerocaseous tu- 
berculosis:involving the right pulmonary field. Several large cavities in the 
right upper and middle lobes. Discrete infiltration in the left apex and a few 
scattered and coalescent tubercles in the lower part of the left upper. Trachea 
deviated slightly to the right. Slight shifting of the heart and mediastinum 
to the right.” July 18, 1930, artificial pneumothorax instituted on right side 
with fair results. Most cavities showed compression, except large subclavicu- 
lar cavity whose thick walls resisted gas pressure. This was further compli- 
cated by thick adhesion to parietal pleura at level of second rib anteriorly. 
Little amelioration of symptoms noted as result of pneumothorax. On Au- 
gust 11, 1930, after introduction of 400 cc. of air, patient experienced extreme 
dyspnoea and pain in right side. Fluoroscopic examination revealed spon- 
taneous collapse in course of artificial pneumothorax. Temperature rose to 
104.8° and patient was acutely ill. Fluid rapidly formed in pleural cavity, 
and in a week rose to level of second rib anteriorly, as demonstrated fluoro- 
scopically. 

By aspiration we obtained 250 cc. of clear greenish exudate. Cell count, 
1,325 per cmm., mostly lymphocytes. Character of exudate changed rapidly 
during next ten days, becoming very turbid; polymorphonuclear leucocytes 
now dominated the picture; cell count rose to 26,000. Tubercle bacilli 
found in exudate by direct smear, and culture of exudate showed staphylococci 
and diplococci. Temperature became very hectic and patient very toxic. 
Aspiration of fluid became more difficult, pus and debris clogging the needle. 
On August 30, 1930, nineteen days after spontaneous collapse, 5 cc. of exudate 
removed with difficulty. With aspirating needle left in place 10 cc. of Meta- 
phen-in-oil 1:5000 was injected without attempt to remove any further fluid. 
This injection of Metaphen-in-oil was repeated every three days until Sep- 
tember 15, when 400 cc. of greenish-yellow turbid fluid was removed with 
little difficulty, and 20 cc. of Metaphen-in-oil was injected. Differential count 
of aspirated material was now impossible because of distortion and partial 
destruction of cells by Metaphen-in-oil. This method of aspirating exudate 
and its replacement with gas, and the instillation of 15 to 25 cc. of Metaphen- 
in-oil was continued at four weekly intervals to date, September, 1931. The 
aspirated fluid now is light turbid yellow; cell count 1,600 per cmm. Direct 
smear of exudate does not show tubercle bacilli, but cultures on glycerol-po- 
tato have remained positive. Cultures on plain and blood-agar media remain 
sterile. After intervals of four to five weeks fluid reaccumulates to level of 
seventh rib anteriorly. 


In this case the overwhelming secondary infection following a spontane- 
ous pneumothorax has been kept under control and finally eradicated by 
the use of Metaphen-in-oil. It is evident that the perforation has healed, 
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since the lung shows a tendency to reéxpand. The sedimentation rate 
of the blood is now 48 mm. in the first hour. The sputum has become 
negligible, and the cough slight. The gain in weight has been 11} 
pounds. All cavities seem to have become obliterated. A feature of 
this case is that, after complete evacuation of the fluid in the pleural 
cavity, the pleurae do not show any evidence of undue thickening. Since 
the end of October, 1930, the patient’s temperature, except for an occa- 
sional rise during the menstrual periods, has been within normal limits. 


Case 2: Miss H., age 20. Onset in June, 1928; “‘started coughing and raising 
phlegm.” In September, 1928, had pulmonary haemorrhage followed by 
pneumonia for two weeks. Remained at home until February, 1929, when she 
resumed work, but in April of that year had several haemorrhages. Hos- 
pitalized, and then sent to a state sanatorium, where she spent the four and a 
half months prior to admission to Home for Consumptives on August 19, 1929. 
Weight 953 lbs.; marked asthenia; nutrition poor; general condition poor; 
sputum about 25 to 30 purulent expectorations a day; afternoon temperature 
101° to 102°F. Roentgen-ray examination at this time showed “fibrocaseous 
lesion involving the left upper lobe. Infiltration scattered throughout the right 
upper shows definite evidence of fibrosis and calcification. Activity in this 
so called good lung is low grade in character.”” Pneumothorax instituted on 
left side, August 19, 1929. Temperature then became normal and has re- 
mained so to date, except for occasional slight rises during menstrual periods. 
Pneumothorax partial in character, as several band-like adhesions held lung 
to parietal pleura, and thick cavity-walls resisted gas pressure. Sputum posi- 
tive, Gaffky VI. Sedimentation rate 43 mm. for first hour. It was evident 
that effective collapse could not be accomplished without resort to increased 
pressure, and gradually, by frequent administration of air, a positive pressure 
of plus 6, plus 2, was obtained. On December 19, 1930, fluoroscopic examina- 
tion revealed development of pleural effusion. Aspiration of 5 cc. of straw- 
colored fluid revealed 1,232 cells per cmm., 72 per cent lymphocytes. Fluid 
rose to level of fourth rib anteriorly. No attempt made to remove any 
exudate, as it was hoped that gradually increasing intrapleural pressure would 
aid in obliteration of cavities. Patient began to complain of pain and dis- 
tress and a tugging sensation to left of sternum at level of third interspace. 
Two hundred and fifty cc. of fluid removed with some amelioration of symp- 
toms complained of. However, when needle was inserted below fifth rib in 
midaxillary line, a dry tap was the rule. Aspiration of pleural fluid became 
more difficult, as fluid gradually showed organization of cellular elements, and 
needle was clogged with debris. Manometric readings were now plus 10, plus 6, 
and, after injection of 50 cc. of air, rose to plus 18, plus 12. Cell count now 
10,600. Sedimentation rate increased to 66 mm. in first hour. Culture of 
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aspirated fluid showed staphylococcus infection. On January 16, we were 
unable to aspirate any fluid but, making certain that we were in the pleural 
space, we injected 10 cc. of Metaphen-in-oil, 1:5000. This same procedure 
repeated on January 20. On January 30, we were able to remove 250 cc. of 
exudate; color nile green, turbid; cell count 12,320. X-ray examination showed 
gradual narrowing of left pulmonary space, with marked thickening and short- 
ening of adhesions. ‘The lung apparently expanded and symphysis of pleurae 
occurred to level of fifth rib anteriorly. This method of aspirating the exu- 
date, the injecting of 50 to 100 cc. of air, and the instillation of 10 to 20cc. of 
Metaphen-in-oil has been continued to date, September, 1931. The aspirated 
fluid now shows cell count of 1,965 percmm. Differential count cannot be 
made, as cells are distorted and partly destroyed. Direct smear has always 
been negative for tubercle bacilli. Occasionally a growth is obtained on gly- 
cerol-potato. For past three months, repeated planting of this exudate on 
plain and blood-agar has not resulted in any growth. This patient has gained 
22 pounds in weight. Sputum now about one-quarter ounce daily, and nega- 
tive for tubercle bacilli. Slight morning cough, but not very troublesome. 
Sedimentation rate 18 mm. in first hour. Patient recently discharged, to 
continue treatment at home. 


The expansion of the lung below the fluid-level would have been pre- 
vented by the timely use of Metaphen-in-oil. Its ability to liquefy the 
cellular elements and prevent its organization has enabled us to continue 
the pneumothorax and to finally obtain complete obliteration of the cavi- 
ties. ‘This method compares favorably with the use of gomenol and olive 
oil in the treatment of such complications arising in the course of arti- 
ficial pneumothorax. Its superiority is due to the fact that Metaphen 
is highly bactericidal, as compared to gomenol, and that the oil combined 
with Metaphen does not require further sterilization, neutralization and 
rectification. 


Case 3: Miss S., age 26. Onset in January, 1929, with attack of grippe fol- 
lowed shortly by ‘“‘measles.”’ Following this, recovered, but continued to have 
one cold after another. Developed persistent cough and sputum, both of 
which continued to get worse. Studied at a general hospital, where diagnosis 
of pulmonary tuberculosis was made, and was admitted to Home for Consump- 
tives on May 24, 1929. Weight 1094 Ibs.; general condition fair; about 15 to 
20 mucopurulent expectorations a day; sputum positive for tubercle bacilli, 
Gaffky VI; sedimentation rate 65 mm. in first hour; frequent “show of color.” 
Roentgen-ray examination showed “‘fibrocaseous cavitary lesion, involving the 
upper half of the left upper lobe; moderate activity. Fibrotic lesion, appar- 
ently quiescent, in the right upper lobe.” From March 7, 1930, patient had 
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several pulmonary haemorrhages, evidently from left side. She lost, all in all, 
about one litre of blood. She was restless, excitable and panicky. Artificial 
pneumothorax instituted on left side on March 8, 1930. Pneumothorax was 
selective, and the cavities but little affected because of their thick walls. The 
amount of air injected at each refill was increased, and also the frequency of 
treatments, until finally positive pressure of plus 6, plus 2, was reached. No 
further haemorrhage occurred, although one cavity, located at level of third 
rib anteriorly, near hilum, was partly patent. On December 19, 1930, physical 
examination, confirmed by roentgen-ray examination, showed development of 
serofibrinous pleurisy on the left side. Though amount of fluid seemed to be of 
little consequence, slightly above level of diaphragm, manometric readings 
showed disproportionate and steady rise in positive pressure, even when subse- 
quent refills were greatly diminished in amount and frequency. On December 
29, 50 cc. of dark amber fluid removed from left pleural space: cell count 1,700, 
80 per cent lymphocytes; direct smear of aspirated material negative for tu- 
bercle bacilli and its planting on plain and blood-agar media showed no growth. 
Culture of tubercle bacilli obtained on glycerol-potato after twenty-eight days’ 
incubation. Fluid remained at level of fourth rib anteriorly. Subsequent 
aspiration of effusion became impossible, the needle becoming clogged with 
flaky, fibrinous material. 

On January 22, 1931, 20 cc. of Metaphen-in-oil, 1:5000, injected into pleural 
cavity. On January 30, 200 cc. of nile-green, slightly turbid fluid removed 
with little difficulty. Cell count of material was 6,412; but a differential 
count could not be made because of distortion and partial disintegration of 
cellularelements. On February 15, 1930, 230 cc. of fluid removed, this amount 
almost completely emptying pleural cavity. At this time 20 cc. of Metaphen- 
in-oil injected. Roentgen-ray examination now showed obliterative pleuritis, 
beginning at left costopherenic angle and causing marked diminution of left 
pleural space. Injection of 100 to 150 cc. of air frequently resulted in positive 
pressure of plus 22, plus 18. Since February 15, 1931, no further aspirations 
have been made but, after each refill with air, 5 to 10 cc. of Metaphen-in-oil 
are injected. Roentgen-ray examination now shows fluid level to be at lower 
border of fifth rib anteriorly, and all cavities appear to have become obliter- 
ated. Sputum has become negative for tubercle bacilli. Patient has gained ‘ 
10 lbs. and become an out-patient, returning occasionally for refills. 


In this case, without the marked increase in positive pressure, the 
obliteration of the cavities in the upper half of the left lung would have 
been impossible, as they showed marked resistance to gas pressure. The 
occurrence of an effusion, therefore, seemed inevitable. The marked 
increase in the fibrin content of this exudate would have defeated our 
ends, were we not able by the liquefying properties of the Metaphen-in- 
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oil to aspirate the contents of the pleural cavity and continue with the 
pneumothorax. The obliterative pleuritis also seems to have been 
checked as subsequent films show no further extension of the process. 


Case 4: Mr. D.; age 27. Onset December, 1930; “caught cold” and later “‘de- 
veloped dry pleurisy on the right side.” Stayed in bed several days; improved. 
In January, 1930, “felt very sick and had high afternoon temperature.” Ad- 
mitted to University of Pennsylvania Hospital, February 12, 1931. Report 
from that institution reads: ‘Physical examination, on admission, showed 
temperature 102.2°, pulse 100, malar flush, marked dyspnoea which made his 
speech rather jerky, cyanosis of the lips, dry blood in the right nares, teeth 
poorly cared for, tongue rather tremulous, pharynx injected, trachea pushed.to 
the left, expansion of the right chest considerably diminished, signs of a right 
hydrothorax, a friction rub at the apex (too much fluid in the chest to detect 
other signs), heart displaced to the left, tachycardia, a few extrasystoles, 
rather tense abdomen, liver slightly palpable, and the spleen felt below the 
costal margin.” White count on admission 6,500, with 82 per cent haemoglo- 
bin. A day later blood count reported as red cells 3,700,000, haemoglobin 68 
per cent, white count 3,800, with an essentially normal differential. The day 
of admission a thoracentesis was done, and 750 cc. of clear greenish-yellow 
fluid was aspirated. Patient obtained considerable relief following tapping. 
Specific gravity of this fluid was 1016. It contained 1,123 white cells per cmm., 
of which 67 per cent were lymphocytes. No acid-fast bacilli seen. Urine, 
blood-urea nitrogen, blood sugar, Van den Bergh, and blood serology were all 
normal or negative. Sputum examination showed moderate number of acid- 
fast bacilli. On February 16, 500 cc. were again aspirated, and following this 
it appeared that there was a cavity in the right lung and possibly in the left 
on physical examination. X-ray of the chest on February 23 showed, “The 
appearance suggests some cavitation in the right upper lobe. In the lower 
chest the lung is largely obscured by a pleural collection. The appearance of 
the left upper lobe suggests a recent exudate involving most of the upper lobe.” 
On April 7, 700 cc. of fluid again withdrawn because of gradual reaccumulation. 
Transferred to Home for Consumptives on April 11, 1931. Physical examina- 
tion revealed acute exudative lesion, involving upper third of right pulmonary 
field. Marked activity. Rest of area on right obscured by pleural effusion. 
Scattered infiltration of left apex and subclavicular region to level of third 
rib anteriorly. No marked activity evident in this area; afternoon tempera- 
ture 101°; excessive and unproductive cough; sedimentation rate 62 mm. in 
first hour; very scanty sputum negative for acid-fast bacilli. 

Artificial pneumothorax instituted on right side, April 17; 200 cc. of fluid 
removed and 350 cc. of air injected. Air above fluid level showed only limited 
collapse of middle lobe. Aspiration on the 18th, of 400 cc. of exudate and its 
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replacement with air, revealed long tendinous adhesions holding middle and 
lower lobes to parietal pleura. Rest of pulmonary tissue on the right seems 
firmly adherent to chest-wall; marked amelioration of symptoms resulted. 
Afternoon temperature fell to 98.8°-99°; pulse 80-90; cough considerably 
lessened in frequency and intensity; patient rested more easily. Aspiration of 
exudate and its replacement with small amounts of air continued at frequent 
intervals until May 8, when, after administration of 200 cc. of air, patient com- 
plained of sharp, excruciating pain in right side of chest. Fluoroscopic and X- 
ray examinations showed evident rupture of several adhesions, a more effec- 
tive collapse resulting. Temperature rose to 100.6° on 12th. Aspiration of 
exudate and its examination showed it to be thick, purulent, greenish-yellow. 
Cell count 26,242; 87 per cent polymorphonuclear leucocytes. Direct smear 
positive for tubercle bacilli. Culture of the aspirated material showed short 
chain-cocci. At this time 10 cc. of Metaphen-in-oil, 1:5000, injected into 
pleural cavity. This method of removing fluid and its replacement with air, 
and injection of 10 to 15 cc. of Metaphen-in-oil continued to date, July, 1931. 

Prior to this time temperature gradually subsided and remained within nor- 
mal limits. Patient gained 12 lbs. Began going to dining room for one meal. 
Cough slight; sputum negligible and negative for tubercle bacilli. Aspirated 
material now shows cell count of 11,000 per cmm.; differential count cannot be 
made because of distortion and partial disintegration of cellular elements; 
no growth obtainable on ordinary culture media; direct smear of exudate nega- 
tive for tubercle bacilli; however, we are able to obtain a positive growth on 
glycerol-potato. Fluid now at level of seventh rib anteriorly, and no further 
removal of fluid has been necessary; but after each refill with air, 10 to 15 cc. 
of Metaphen-in-oil is injected into pleural space. 


In this case a severe secondary infection resulted from the rupture of 
several pleural adhesions. The empyema resulting was controlled by 
the use of this agent, 4-nitro-anhydro-hydroxy-mercury-orthocresol, with 
marked and rapid effect. 


CONCLUSIONS 


1. Metaphen-in-oil is well tolerated by the pleural cavity and no local 
or systemic untoward effects have been noted. 

2. Its long and continued use in the treatment of tuberculous effusions 
and empyemata has shown no evident thickening of the parietal or 
visceral pleura. 

3. Its presence in the pleural cavity apparently is of value in the pre- 
vention of adhesive pleuritis. 

4. In addition to its highly bactericidal and bacteriostatic properties, 
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Metaphen-in-oil has the ability to liquefy the cellular elements in sero- 
fibrinous pleurisy and tuberculous empyemata. 

5. It appears that with the reduction in the specific gravity of the 
pleural exudates and the “sterilization” of the pleural effusions, the re- 
sorbing processes of the pleurae in a measure become reéstablished. 
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PREGNANCY IN THE TUBERCULOUS 


FRANK L. JENNINGS,! ERNEST S. MARIETTE? anp JENNINGS C. LITZENBERG? 


The combination of pregnancy and tuberculosis has been the subject 
of interest for years and the methods of treating this combination have 
varied with various periods. During the last fifty years, the opinion of 
the majority has been in favor of terminating the pregnancy. This 
opinion is supported by many writers whose figures show a high per- 
centage of cases in which tuberculosis was aggravated by pregnancy 
(Pankow and Kupferle (1) 94.5 per cent, Winter and Oppenheim (2) 
86 per cent). 

However, Weinburg (3), Van Tussenbrock (4) and Alice Hill (5) have 
all gathered material from separate clinics where they were able to com- 
pare pregnant tuberculous with nonpregnant tuberculous women, and 
all report that the tuberculosis in the two groups ran practically parallel 
courses. 

Most of the studies on this subject have come from clinics of obstetrics 
or tuberculosis, where the patient has been examined and followed but 
where there has been little opportunity to treat her pathological condition; 
consequently, many very unfavorable impressions have been gathered. 

There is an occasional paper to be found by writers opposed to the 
termination of pregnancy in tuberculous women. These writers feel 
that the tuberculous disease should be treated during pregnancy and for 
a considerable time after delivery, but Hill (6) has shown that there is 
very little opportunity in this country for studying the problem within 
the walls of the sanatorium, as only 21 per cent of the sanatoria in the 
United States have provisions for caring for the pregnant woman through 
pregnancy and during labor. 

Our study has been made in Glen Lake Sanatorium, which is a County 
Sanatorium for tuberculosis, drawing the majority of its patients from 
the working classes of the city of Minneapolis. Between September 15, 


1Glen Lake Sanatorium, Oak Terrace, Minnesota, and the Department of Medicine, 
University of Minnesota, Minneapolis. 

2 Nicollet Clinic, Minneapolis, Minnesota, and the Department of Obstetrics and 
Gynecology, University of Minnesota. 
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1921, and March 1, 1931, thirty-five tuberculous women have been 
delivered. One of these, a nonpulmonary case (Pott’s disease) is not 
included in this study. All of the women were sent to the Sanatorium 
for the treatment of their tuberculosis and entered in all stages of the 
disease. At least 27 cases showed clinical activity, while seven could 
probably be classed as quiescent because the symptoms which they had, 
such as cough, tiredness, loss of weight, etc., were not wholly characteristic 
for clinically active tuberculosis. These 34 women entered in various 
stages of gestation. 

By clinical and X-ray studies, we have tried to ascertain what effect 
pregnancy and labor had on the tuberculosis of these women who were 
divided into two groups: (1) full-term pregnancies and (2) premature 
deliveries. 


1. FULL-TERM PREGNANCIES 


Twenty-seven women went to full term, twenty-three of whom had 
clinically active tuberculosis: fourteen were far advanced, ten moderately 
advanced and four minimal. The diagnosis of tuberculosis was usually 
made after the women placed themselves under the care of a physician 
because of their pregnancy. Nine entered during the first trimester, 
ten during the second and eight during the third trimester. 

In attempting to evaluate the influence of pregnancy and labor on 
these women, such signs of activity as fever, sputum, haemorrhage and 
extrapulmonary complications were noted, as well as serial X-ray studies. 

Fever: Nineteen of the full-term series had no fever either before or 
after labor. Two had occasional fever both before and after labor. Six 
developed fever after labor. Of these, one was due to phlebitis and 
one followed a Caesarean section. ‘Two others had fever for thirty and 
seventy-five days respectively. Two had fever for longer periods, as 
will be seen by chart 1. 

Sputum: Amount: Total expectoration included saliva and was esti- 
mated by the patients; because of this fact, we considered it only for 
two months after labor. The daily amount did not change appreciably 
during pregnancy or after labor in thirteen (about one-half of the cases). 
Three showed a definite decrease during pregnancy and after labor, while 
three showed an increase following labor. The findings of the other 
eight fluctuated and were not significant. 

Sputum: Tubercle Bacilli: Twenty-one of the twenty-seven showed 
positive sputum some time during residence. In eight of these bacilli 
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were found before labor and not afterward, while in seven the bacilli 
did not appear until after labor (see chart 2). 

Of the eight showing positive sputum prior to labor and none afterward, 
five were positive on admission only, one at six months only and one at 
nine months only, while in one patient positive sputum existed between 
the third and eighth months (see chart 2). Of the seven (two moderately 


Rectal temperature following confinement 
Full term Pregnancies 
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advanced, five far advanced) showing bacilli only after labor, two were 
positive the first month, one the third month and four the sixth and 
seventh months. 

Permitting a tuberculous mother to nurse her baby because her sputum 
is negative, as is suggested by some (7), is extremely hazardous because, 
as our cases show, one never knows when a previously negative case may 
become infectious. 


| 

q LAA A a ‘ 

4 

il 


676 JENNINGS, MARIETTE AND LITZENBERG 


Haemopiysis: In reviewing the incidence of this disconcerting symp- 
tom, we find that two bled before labor. In one this occurred the day 
of admission which was the day before delivery; the other, a bilateral 
pneumothorax case, had repeated haemorrhages a few days before full 
term. This condition finally necessitated a Caesarean section. 

Three patients had haemoptysis postpartum at the following intervals: 


Monthly sputum analysis 
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three and one-half months, four and one-half months, and six months. 
Two of the three were moderately advanced cases of low mentality and 
were difficult to keep in bed. Had better codperation been shown, 
haemorrhage would have been unlikely. 

Complications: Some writers consider tuberculous complications as a 
special indication for abortion. There were four patients with tuber- 
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culous complications existing on admission. They all weathered preg- 
nancy quite well. Two cases developed extrapulmonary complications 
within a year following parturition. A list of all the complications is 
given in table 1. 


TABLE 1 
List of complications among full-term pregnancy cases 


Complications existing antepartum 


Pott’s disease, 10th and 11th thoracic vertebrae 
Tuberculous larynx, syphilis, pericarditis with effusion 
Tuberculous larynx 

Tuberculous pyopneumothorax 

Mitral stenosis 

Secondary anaemia 

Thyroid adenoma (nontoxic) 


Complications developing postpartum 
Extension of Pott’s disease 3} years postpartum 
Tuberculous enteritis and tuberculous meningitis 5 weeks postpartum 
Tuberculous enteritis and tuberculous larynx 10 months postpartum 
Tuberculous kidney 2 years postpartum 
Endocervicitis 
Phlebitis 
Retroversion 


More facts regarding some of these cases with complications are of 
interest. G. W. developed tuberculous meningitis thirty-five days 
after delivery and died a few weeks later (see chart 4). Pregnancy 
probably hastened the end, although the outcome was never in doubt. 

F. Y. developed laryngeal tuberculosis and enteritis ten and twelve 
months respectively after labor. There is no clinical evidence of either 
now, nearly six years later. 

M. McG. had an extensive bilateral pulmonary tuberculosis, with cavi- 
tation, in addition to Pott’s disease of the 10th and 11th thoracic vertebrae. 
Her residence prior to delivery was short. Afterward her pulmonary 
lesion showed practically no change. Her bone lesion did increase but 
this was independent of pregnancy, occurring three and one-half years 
later. 

J. B. is an illustration of the varied complications a patient may have 
and still apparently go through pregnancy unharmed. She had a far- 
advanced pulmonary tuberculosis, with tuberculous laryngitis, syphilis 
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and pericarditis with effusion. The latter developed in the seventh 
month and resulted in pain, dyspnoea and slight fever. The fluid (nega- 
tive for tubercle bacilli) had practically absorbed three weeks before 


Kray study of Langs of women before and after confinemen? 
Full Jéerm Pregnancies 


Calend. 


Cart 3. On this, as on all following charts, the horizontal lines represent separate cases. 
The length of the line denotes the period of observation. 


delivery. At present, six months postpartum, her general condition is 
good with the pulmonary lesion unchanged. 

X-Ray: The most reliable means of noting the effect of pregnancy and 
labor on these patients is by serial X-rays. It is our routine practice 
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to have chest films taken every three months and more often when 
necessary. In chart 3, we have tried to show graphically the course of 
the disease as recorded by the X-ray. As will be seen by the chart only 
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four of the 27 cases showed extension of their lesion between admission 
and confinement, and in three of the four there was improvement (fibrosis 
and resolution) of the lesion in the opposite lung coincident with the exten- 
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sion; in fact, ten of the 27 cases showed improvement before confine- 
ment. 

The X-ray studies after confinement are summarized in table 2. It 
is our opinion that neither pregnancy nor labor had the detrimental 
effect on these cases that has been observed by so many authors. 


TABLE 2 
Condition postpartum as revealed by X-ray studies 


MONTHS POSTPARTUM 
CONDITION 


3-6 9-12 


Improvement 4 3 
No change ; 15 9 
Extension plus improvement 1 
Extension 2 1 


* 1 of these died. 
t 1 of these died. 


In reviewing the cases in which there was sufficient record, we find 
that the second stage of labor varied from twenty minutes to two hours, 
the average being about one hour, not differing in this respect particularly 
from any other pregnant group. It was not necessary to apply forceps 
in any case. Episiotomy was done on a few cases. One case required 
Caesarean section because of pulmonary haemorrhage that occurred one 
week before the expected termination of pregnancy and which had not 
been prevented by bilateral pneumothorax. 

Table 3 shows the number of labors our patients had prior to admission 
and their classification on admission to the Sanatorium. There was no 
apparent relationship between these previous pregnancies and the tuber- 


culosis. 
TABLE 3 


0 pregnancies previous to admission 


1 pregnancy previous to admission 


2 pregnancies previous to admission 


3 pregnancies previous to admission 


1-3 124 
2 
2 

Labor 
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1 Min. 
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TABLE 3—Concluded 


4 pregnancies previous to admission 


5 pregnancies previous to admission 


7 pregnancies previous to admission 


The practice at the Sanatorium has been to remove the children from 
the delivery room and place them directly in the Children’s Building, 
an entirely separate unit from the rest of the Sanatorium, and to permit 
no contact with the mother. 

Some people feel that children born of tuberculous mothers have a 
lower birth-weight than the children of normal mothers. The average 
weight of 29 children born at Glen Lake was 7 lbs., 8 oz. If we do not 
include the two sets of twins in our count, we find that 25 children aver- 


aged 7 lbs., 13 0z. Williams (9) gives 7} lbs. as average birth-weight of 
children of normal women. This high average of ours speaks well for 
the type of prenatal care which our supervised rest regimen afforded 
these mothers. 


Treatment of the Tuberculosis 


We believe that treatment of the disease is a factor which has been 
greatly overlooked in the discussion of pregnancy and tuberculosis. We 
have felt that the pathological process was the condition requiring treat- 
ment and have therefore treated it with the utmost conservatism by keep- 
ing our patients in bed for long periods of time. 

As will be seen by chart 4, twenty-five of the 27 patients were kept in 
bed before labor for the entire period under observation. One of the two 
patients was a minimal case, kept in bed for seven and one-half months, 
and then allowed short walks during the last month of her pregnancy; 
while the other, a moderately advanced case, was allowed exercise for 
her entire period of residence prior to delivery. Reviewing this latter 
case, we find that this patient was allowed exercise because she had been 
discharged from the Sanatorium in a quiescent condition a short time 
prior to her conception. On readmission, we felt that we were safe in 
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allowing her to continue on exercise. We now doubt the wisdom of this 
decision because she had positive sputum at the sixth month of pregnancy, 
the only time she showed bacilli during her entire residence. 

Following confinement, we have been particularly careful in enforcing 
a prolonged rest regimen. Such care is infrequently advocated and less 
frequently followed among dispensary cases. This, of course, is due in 
part to lack of facilities and for economic reasons. Allowing the mother 
up in a few weeks because she is symptom-free and apparently unharmed 
is, nevertheless, poor treatment for her tuberculosis. 

In addition to the rest regimen, the usual supplementary aids, such 
as collapse therapy, actinotherapy (general and local) and diet, were 
employed. Pregnancy presents an additional reason for inducing pneu- 
mothorax when the case is suitable. Eight cases received artificial 
pneumothorax; in five it was started before labor, one of these being 
bilateral, while in the remaining three collapse was initiated at various 
intervals following labor. 

One patient had a thoracoplasty and phrenic exairesis three years 
postpartum. None of the patients in this series went through pregnancy 
with a thoracoplasty or a paralyzed diaphragm. However, we have 
records of some ex-patients with surgical collapse who, since leaving, 
have had children. These few cases stood pregnancy and labor well. 


Condition on Discharge and Follow-Up 


Seven patients left the Sanatorium upon recommendation of the staff. 
Nine left against advice, eight are still under treatment, two have died 
and one was transferred to another institution. Of the sixteen who left, 
ten are now well, three have been readmitted, and we have been unable 
to locate the other three. Table 4 gives the discharge classification. 


TABLE 4 
Discharge classification 


“CLASSIFICATION NUMBER CONDITION ON DISCHARGE 


Inc. 3 3 arrested 


M.A. 10 3 arrested 

2 quiescent 

1 improved 

1 unimproved 

3 under treatment: 3 quiescent 
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TABLE 4—Concluded 


CLASSIFICATION CONDITION ON DISCHARGE 


F.A. 3 quiescent 
3 improved 
1 unimproved 
2 dead 
1 quiescent 
5 under treatment {2 improved 
2 unimproved 
6 arrested 
5 quiescent 
4 improved 
2 unimproved 
2 dead 
8 under treatment 


2. PREMATURE DELIVERY 


Seven women did not go to term. Pregnancy terminated spontane- 
ously in four, while in the others some form of intervention was employed. 
Three babies were alive at birth but none survived. Labor in these 
cases was short and easy. There was only one primipara (R. Mcl.) 


among the incomplete pregnancies. Table 5 gives the periods of 
gestation. 


TABLE 5 


Clinical Course 


The period of residence of this small group was short. Five of the 
patients entered one week to two months before delivery. The other 
two were in the Sanatorium longer but their pregnancies were only of 
one and two months’ duration. 


Type of Treatment and Clinical Course 


Prematurity is sometimes ascribed to tuberculosis. In only one case 
out of the four terminating spontaneously did tuberculosis appear to 
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be a factor. This woman (A. M.), a far-advanced case, aborted at the 
sixth month and died two weeks later. 

As for the others, C. B. aborted at one month, with a history of having 
aborted seven years before but with several normal pregnancies between. 
Her excellent physical condition at the time made it seem quite improb- 
able that tuberculosis was responsible. E. W. gave a history of a pre- 
vious miscarriage at seven months. This was before the active tuber- 
culosis existed. Two weeks after admission, she again miscarried at seven 
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months. However, it is interesting to note that two years later she 
reéntered the Sanatorium and gave birth to a full-term child. WM. S. 
miscarried at six months, following a severe fright. 

Three cases had pregnancy interrupted mechanically. The first, our 
first pregnancy case (ten years ago), had a therapeutic abortion; the 
second, with an ectopic pregnancy, was operated on at two months; the 
third, a criminal abortion, was performed unknown to us while on a leave 
offabsence. 


Treatment 


Treatment was the same as in the other group except for the much 
shorter antepartum period of residence. ‘Two cases had collapse therapy, 
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both after abortion (and both were unsuccessful). R. McI. was given 
pneumothorax shortly after a therapeutic abortion. She left seven 
months later to die at home. The criminal-abortion case had a thoraco- 
plasty two months after the abortion but died four months later. 


Follow-Up 


At intervals varying from eighteen months to ten years, following their 
pregnancies, we find that four are dead, two are well and working, and 
one has been readmitted because of another pregnancy. 


Arey study of lungs of women before and after delivery 
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CHART 6 


SUMMARY 


We have considered our cases from a clinical, X-ray, and laboratory 
standpoint during their stay in the Sanatorium and from a clinical angle 
only after their discharge. We believe that six months after labor is 
a sufficient time for any harmful effects of pregnancy or labor to appear, 
and have therefore reviewed our 27 full-term group at that time with 
findings as follows: one died, three became worse, seven remained'un- 
changed, ten improved, four were discharged and are caring for their 
own homes. ‘Two others were delivered less than six months ago, one of 
whom is improving, the other has shown a slight extension. 

None of our women with minimal tuberculosis were harmed by preg- 
nancy or labor. 
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It must not be considered that we are recommending pregnancy for 
the tuberculosis patient. In fact, pregnancy in a tuberculous woman is 
to be avoided, but when it occurs it must be dealt with, either by interrup- 
tion of pregnancy or by allowing the woman to gototerm. We have had 
gratifying results by carefully treating the tuberculosis while permitting 
the mother to go to term. Out of twenty-seven thus treated, only two 
have died. 

We believe that pregnancy should be terminated when complications 
arise which would call for this procedure in a nontuberculous woman. 

We cannot emphasize too strongly the removal of the baby from the 
tuberculous mother immediately after birth, for the sake of both. 

Twenty-nine healthy babies were born to our 27 full-term women. 

Seven premature deliveries are reported. Tuberculosis was probably 
the cause of prematurity in one of these. 


CONCLUSIONS 


While the number of cases reported is too small to warrant definite 
and final conclusions, we believe that this study points to certain facts: 
1. The necessity of adequate treatment for the pregnant tuberculous 


women. 
2. If adequate treatment is given, a therapeutic abortion because of 


pulmonary tuberculosis is rarely indicated. One of us (J. C. L.) believes 
that therapeutic abortion may sometimes be indicated in the minimal 
cases of tuberculosis and that, when it is, it should be limited to the first 
trimester of pregnancy. 
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A BIOMETRIC STUDY OF PREGNANCY AND TUBERCU- 
LOSIS 


FRANK L. JENNINGS! anp ERNEST S. MARIETTE! 


A study is here presented of women who have been treated for tubercu- 
losis at Glen Lake Sanatorium, to see if any light could be thrown on 
the problem of pregnancy and its relation to tuberculosis. 

We have compared women who had pulmonary tuberculosis but had 
never borne children with a similar group who had pulmonary tubercu- 
losis and had had children. There were 80 in the latter group and 390 
in the former group. All of these women were discharged from the sana- 
torium between January 1, 1920 and December 31, 1928. All these 
women had pulmonary tuberculosis and all were over twenty years of 
age. No Negroes or Indians were included; all were white women. 
There were likewise no women included who had nonclinical tuberculosis 
nor were there any extrapulmonary tuberculosis cases unless they had 
pulmonary lesions. 

The diagnosis of pulmonary tuberculosis on those who had borne 
children was made either before, during or within one year following their 
pregnancy and all were admitted to the Sanatorium subsequent to their 
delivery. 

At discharge, the classifications of dead and unimproved have been 
grouped together in one group and the arrested, apparently arrested, 
quiescent and improved into another group, as it was felt that in this 
way the variability of medical judgment would best be obviated. 

As it is impossible to follow exactly two parallel cases or any number 
of parallel cases over a long period of time and thus draw conclusions 
directly, we have taken our cases and dealt with them en masse, to see 
if there was a differentiation in the tuberculosis of the group who had been 
pregnant and those who were never pregnant. 

The data have been carefully studied and groups have been selected 
for age, stage of disease, and for length of stay at the Sanatorium. 
Tables 1 and 2 give the distribution of all the cases for both groups of 
women. 

It was felt that the selections by age and stage of disease were the most 
important: age, because it has a definite influence on tuberculosis and 
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pregnancy independently of each other, and stage of disease because it 
has an effect on the condition of the discharge from the Sanatorium which 
is independent of pregnancy. We have considered length of stay because 


TABLE 1 
Never-pregnant tuberculous women 


20-30 YEARS OF AGE |30-40 YEARS OF AGE| 40 YEARS AND OVER 


CONDITION ON STAGE OF 
DISCHARGE DISEASE 


1-3 months 
1-3 months 
3-6 months 
6-12 months 


= © w | 3-6 months 


3-6 months 


b> | 6-12 months 


i) 


Arrested, app. arr., 
quiescent, im- 
proved 


m bo 
© ~1 ~G | 6-12 months 
une Ww 


Unimproved, dead 


61/48/48 


TABLE 2 
Tuberculous women who have borne children 


> 
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20-30 YEARS OF AGE |30-40 YEARS OF AGE YEA 


CONDITION ON STAGE OF 
DISCHARGE DISEASE 


1-3 months 
6-12 months 
1-3 months 
3-6 months 
6-12 months 
1-2 years 
1-3 months 
3-6 months 
6-12 months 
2-4 years 


Arrested, app. arr., 
quiescent, im- 
proved 


b> = | 3-6 months 


Unimproved and 


11 


13 


it gives us a better selection of our material with respect to the effects 
of pregnancy and it has also a selective bearing on the discharge 
classification. 

A statistical test, measuring the degree of differentiation between the 
women who have been pregnant and the never-pregnant women with 
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respect to improvement and nonimprovement in tuberculosis, has been 
applied to the groupings of the data for which such a selection shows a 


reasonable number of cases in the four different classes of the test. 


: TABLE 3 
Far advanced: 20-30-year group: 3-months-1-year stay 


The 


CONDITION ON DISCHARGE MOTHERS 


NEVER PREGNANT 


TOTAL 


4 or 80% 
1 or 20% 


Dead and unimproved (a — a’ = —.18).. 
Arrested, app. arr., quiescent, improved... 


52 or 83.9% 
10 or 16.1% 


56 or 83.6% 
11 or 16.4% 


5 


62 


67 


TABLE 4 


Far advanced: 20-30 year group: 1 year and more stay 


CONDITION ON DISCHARGE MOTHERS 


NEVER PREGNANT 


TOTAL 


5 or 41.7% 
7 or 58.3% 


Dead and unimproved (a — a’ = —.48).. 
Arrested, app. arr., quiescent, improved... 


27 or 46.6% 
31 or 53.4% 


32 or 45.7% 
38 or 54.3% 


12 


58 


70 


TABLE 5 


Minimal and moderately advanced: 20-30 and 30-40 year group: 3 months to 1 year stay 


CONDITION ON DISCHARGE MOTHERS 


NEVER PREGNANT 


TOTAL 


Dead and unimproved (a — a’ = .62).. | 2 or 22.2% 


Arrested, app. arr., quiescent, im- 
7 or 77.8% 


14 or 30.4% 


32 or 69.6% 


16 or 29.1% 


39 or 70.9% 


46 


55 


test has also been applied to groups which are unselected for one or more 


factors. 


It is to be observed that, for those cases which have not been selected 
for one or more factors, the distribution as shown in tables 1 and 2 is not 
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markedly different for the two groups. The greatest number of cases 
falls in the far-advanced types, which makes it possible to get the most 
reliable statistical results where the effects of the disease are the greatest. 

Tables 3 to 15 show, for the groups studied, the division of cases and 
percentages of total in the improved and unimproved classes for the 


TABLE 6 
Minimal and moderately advanced: 20-30 and 30-40 year group: 1 year and over stay 


CONDITION ON DISCHARGE MOTHERS NEVER PREGNANT TOTAL 


Dead and unimproved (a — a’ = .47)....| 2 or 16.7% 18 or 21.2% | 20 or 20.6% 
Arrested, app. arr., quiescent, improved...| 10 or 83.3% | 67 or 78.8% | 77 or 79.4% 


12 85 97 


TABLE 7 
Moderately advanced and far advanced: 30-40 year group: varying lengths of stay 


CONDITION ON DISCHARGE MOTHERS NEVER PREGNANT TOTAL 


Dead and unimproved (a — a’ = 1.70)...| 17 or 58.6% | 43 or 67.2% | 60 or 64.5% 
Arrested, app. arr., quiescent, improved...| 12 or 41.4% 21 or 32.8% 33 or 35.5% 


29 64 93 


women who have been pregnant and the never-pregnant women. From 
these four-fold tables (1) Pearson’s x? criterion? of association between 


2 The x? criterion is used to give a measure of the significance of a difference between two 
series of frequencies. This test, in principle, determines for a given distribution of mothers 
and never-pregnant cases into class I (arrested, apparently arrested, quiescent and improved) 
and class II (unimproved and dead), a theoretical distribution on the assumption that there 
is no difference between the women who have been pregnant and the never-pregnant women in 
respect to improved and unimproved conditions in tuberculosis. The squared differences, as 
ratios to the theoretical, of the actual distribution from the theoretical are then determined, 
and from the sum (x*) of these ratios the chance of such difference or a greater one arising 
solely through the errors of random sampling is determined from Elderton’s tables (2) of 
goodness of fit. 

As an example of the procedure, we shall determine x? on the data as a whole. Table 15 
shows that the dead and unimproved class appears in the total with 263, or 55.96 per cent, 
of the cases and the improved class with 207, or 44.04 per cent, of the cases. In the theoretical 
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TABLE 8 


Far advanced: all ages: 3 months to 1 year stay 


pregnancy and condition of tuberculosis at discharge and the probability 
of insignificance is determined. 
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CONDITION ON DISCHARGE 


MOTHERS 


NEVER PREGNANT 


TOTAL 


Dead and unimproved (a — a’ = —.55).. 
Arrested, app. arr., quiescent, improved... 


10 or 76.9% 
3 or 23.1% 


72 or 81.8% 
16 or 18.2% 


82 or 81.2% 
19 or 18.8% 


13 


88 


101 


TABLE 9 


Moderately advanced: 20-30 year age-group: varying lengths of stay 


CONDITION ON DISCHARGE 


MOTHERS 


NEVER PREGNANT 


TOTAL 


Dead and unimproved (a — a’ = — 1.21).. 
Arrested, app. arr., quiescent, improved... 


2 or 18.2% 
9 or 81.8% 


26 or 30.6% 
59 or 69.4% 


28 or 29.2% 
68 or 70.8% 


96 


85 


For the far-advanced stage and the 20-to-30 age-group, these prob- 
abilities are 1 in 100 and 2 in 100 respectively, for the length of stay 3 


mothers and never-pregnant groups. 


and negative differences). 


is determined for each cell and summed for.the four cells. 


TABLE A r 


The sum is x”. 


distribution (table A) these two classes appear with these same proportions in both the 
The frequency in each cell is subtracted from the cor- 
responding number in table 15 and squared (squaring is to obviate the effect of the positive 
The ratio of the squared differences to the calculated frequency 
The difference in 
each cell is 2.77. Hence x* is 7.6729/44.77 (0.171) + 7.6729/35.23 (0.218) + 7.6729/218.23 
(0.035) + 7.6729/171.77 (0.045) = 0.469. This entry in Elderton’s table (2) for testing 
goodness of fit gives P = 0.91 or the probability that the mothers and never-pregnant cases 
are differentiated in respect to improvement is 9 in 100 chances. 
lated into terms of correlation by using the Equivalent Probability Method (3). 


The series have been trans- 
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MOTHERS 


NEVER 
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TOTAL 


Dead and unimproved 


Improved 


44.77 
35.23 


218.23 
171.77 


263 (55.96%) 
207 (44.04%) 


80.00 
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TABLE 10 
Far advanced: 20-30 year group: varying lengths of stay 


CONDITION ON DISCHARGE 


MOTHERS 


NEVER PREGNANT 


TOTAL 


Dead and unimproved (a — a’ = — 1.78).. 
Arrested, app. arr., quiescent, improved... 


20 or 69% 
9 or 31% 


131 or 76.2% 
41 or 23.8% 


151 or 75.1% 
50 or 24.9% 


29 


172 


201 


TABLE 11 
All stages: 20-30 year group: varying lengths of stay 


CONDITION ON DISCHARGE 


MOTHERS 


NEVER PREGNANT 


TOTAL 


Dead and unimproved (a — a’ = —1.14). 
Arrested, app. arr., quiescent, improved... 


23 or 53.5% 
20 or 46.5% 


160 or 56.5% 
123 or 43.5% 


183 or 56.1% 
143 or 43.9% 


43 


283 


326 


TABLE 12 : 
Far advanced: all ages: varying lengths of stay 


CONDITION ON DISCHARGE 


MOTHERS 


NEVER PREGNANT 


TOTAL 


—2.59). 


Dead and unimproved (a — a’ = 
Arrested, app. arr., quiescent, improved... 


38 or 70.4% 
16 or 29.6% 


180 or 76.3% 
56 or 23.7% 


218 or 75.2% 
72 or 24.8% 


54 


236 


290 


TABLE 13 
All stages: all ages: 1-3 months stay 


CONDITION ON DISCHARGE 


MOTHERS 


NEVER PREGNANT 


TOTAL 


Dead and unimproved (a — a’ = —1.44). 
Arrested, app. arr., quiescent, improved... 


18 or 81.8% 
4 or 18.2% 


73 or 90.1% 
8or 9.9% 


91 or 88.3% 
12 or 11.7% 


22 


81 


103 
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months to 1 year and 1 year and over (tables 3 and 4). For the same 
selection in the combined moderately advanced and minimal stages and 
the combined age-groups of 20 to 30 years and 30 to 40 years, the prob- 
abilities are 5 in 100 and 3 in 100 respectively, as given in tables 5 and 6. 

In the groups which are unselected for one factor, that is, the moder- 
ately advanced and far advanced, 30-to-40-year group, the probabilities 
are 13 in 100 (table 7) and 4 in 100 for the far advanced, 3-months-to- 
1-year group (table 8). For the moderately advanced, 20-to-30-year 


TABLE 14 
All stages: all ages: 1-2 years stay 


CONDITION ON DISCHARGE 


MOTHERS 


NEVER PREGNANT 


TOTAL 


Dead and unimproved (a — a’ = 0) 
Arrested, app. arr., quiescent, improved... 


6 or 35.3% 
11 or 64.7% 


30 or 35.3% 
55 or 64.7% 


36 or 35.3% 
66 or 64.7% 


17 


85 


102 


TABLE 15 
All stages: all ages 


CONDITION ON DISCHARGE 


MOTHERS 


NEVER PREGNANT 


TOTAL 


Dead and unimproved (a — a’ = —2.77). 
Arrested, app. arr., quiescent, improved... 


42 or 52.5% 
38 or 47.5% 


221 or 56.7% 
169 or 43.3% 


263 or 56.0% 
207 or 44.0% 


80 


390 


470 


group, (table 9) the probabilities are 15 in 100, and they are 14 in 100 
for the far-advanced 20-to-30-year group (table 10). 

In the groups which are unselected for two factors, the probabilities 
are 3 in 100 for the 20-to-30-year group (table 11), 16 in 100 for the far- 
advanced group (table 12), 24 in 100 for the 1-to-3-month all-ages and 
all-stages group (table 13), and 0 in 100 for the 1-to-2-year all-ages and 
all-stages group (table 14). 

For the unselected group, which comprises all the data, the probability 
is 9 in 100 (table 15). 

While the comparison of one particular group is not significant in 
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itself the fact that all groups point the same makes us feel that the results 
indicate that cases of those who have borne children and those women 
who were never pregnant are not differentiated in tuberculosis, with 
respect to improvement, etc., and unimprovement, etc. The percent- 
ages show that the differences are very slight and the x? test shows that 
the probability that such differences are significant is negligible. In 
general the probability is the smallest in the most selected groups. In 
the more unselected groups it varies from small to relatively large figures. 
The latter are not large enough to be significant as to differentiation 
of the two classes tested but they are large enough to indicate the im- 
portance of the selective factors. 

From the evidence obtained from a study of 470 cases of pulmonary 
tuberculosis, we conclude that pregnancy does not have a marked effect 
on the progress of the tuberculosis. In fact, the evidence is striking that 
the phenomena are independent of one another. 


We are indebted to Miss Frances Nemec, Statistician, Glen Lake Sanatorium, for her help 
in collecting data. 
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STUDIES ON A FUNCTIONAL HAEMATOPOIETIC TEST 
IN PULMONARY TUBERCULOSIS! 


THEODORE J. CURPHEY anp HOLLIS K. RUSSELL 


In recent years a great deal of valuable information has been obtained 
from the study of stained smears of the blood of tuberculous patients. 
By this means attempts have been variously made to measure the 
activity of the disease, the general resistance of the patient, and the 
probable outcome of the infection. Most of the earlier studies dealt 
largely with a determination of the polynuclear leucocyte—lymphocyte 
ratio. While the various workers have shown quantitative changes in 
the lymphocyte and the monocyte counts as the disease progressed, it 
remained for Arneth to show that qualitative changes occurred, as well, 
in the granular cells in this and many other diseases attended by stimula- 
tion of the bone-marrow, as a result of the infectious process. Fora while 
the Arneth method of study of the nuclear changes of the polynuclear 
leucocyte enjoyed some popularity among workers in this field, but, on 
account of the somewhat detailed knowledge necessary to correctly 
classify the cells in the numerous subdivisions, it gradually lost its place 
as a general laboratory procedure. With the recent modifications of this 
classification as suggested by Schilling (1) its use is rapidly becoming 
popular again, so that at present it is enjoying a wide range of usefulness 
as an aid in the diagnosis of various medical and surgical conditions. 

The contribution that Schilling has made in the study of tuberculosis 
has been based largely on the altered haematopoietic activity seen in this 
disease. By means of his modification of Arneth’s method, he attempted 
to measure the intensity of the stimulus falling on the bone-marrow as a 
result of the profound cellular changes at the local site of the disease. ' 
In doing this he assumed that the bone-marrow is always in the same 
general state of physiological activity throughout the course of the dis- 
ease, obviously an incorrect assumption as’ we hope to show in this 
article. 

With the advent of Schilling’s modification, interest has recently been 
renewed in the study of the leucocytes in pulmonary tuberculosis. The 


1 From the Department of Pathology, New York University and Bellevue Hospital Medi- 
cal College, and the Pathological Laboratory, Grasslands Hospital, Valhalla, New York. 
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articles by Bredeck (2), Medlar (3), Flinn and Flinn (4), Oatway (5), 
Brock (6) and Briskman (7), illustrate well the use to which the differen- 
tial leucocyte count can be put in matters pertaining to the prognosis and 
treatment of the disease. 

It must be noted that in the studies on the blood by Schilling’s method 
reported by these workers, no real attempt is made to obtain a correlated 
idea of the bone-marrow function under a set of controlled experimental 
conditions. It is necessary to note moreover that there is no imme- 
diate physiological sequence to the observations, as the counts were taken 
at various irregular intervals in the course of the normal activity of the 
disease, and in most cases only under the stimulating effect of the disease 
process itself. 

Several attempts have been made to induce a change in the haemo- 
gram of the tuberculous patient by means of the parenteral introduction 
of tuberculin. Thus Bredeck (2) on injecting tuberculin intracutane- 
ously, was able to induce a definite increase in the granular cells of the 
blood, the degree of change depending upon the activity of the lesion. 
An analysis of the tables submitted in his article, however, shows that 
no attempt was made to determine the range of functional response of 
the bone-marrow under the added immediate stimulus caused by the 
tuberculin, for, while his observations extend over a period of time, they 
do not cover the interval taken for the granular cells of the blood to 
return to their previous basal level. In other words, the test is in no 
sense a full measurement of the haematopoietic response to the added 
stimulus of the tuberculin. The same criticism is justifiable in the work 
of Goglia (8), who introduced tuberculin intracutaneously and intra- 
ocularly in patients with tuberculosis, as he also does not submit any 
evidence to show that counts were taken of the peripheral blood until 
the granular cells returned to the level observed prior to injection with 
tuberculin. 

It occurred to the authors that, if an attempt was made to follow the 
leucocytic response to tuberculin from the usual heightened level result- 
ing from the normal activity of the disease, through the stage of maximal 
rise, to a return to the previous basal level, certain added information 
would be obtained, which might be of use in the prognosis and possibly 
in the diagnosis of the disease. 

The principle underlying the test is analogous to that of the glucose- 
tolerance test, the important features being, first, the obtaining of a 
basal functional level, followed by intracutaneous injection of a stated 
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quantity of tuberculin, with daily observation of the total white-cell 
count and the differential smear by the method of Schilling, until such 
time as the haemogram returns to its previous level. 


METHOD OF OBTAINING DATA 


The case material used in this study came from the Tuberculosis 
Service of Grasslands Hospital, Westchester County, New York, under 
the direction of Dr. H. Stroebel, to whom we are greatly indebted. No 
attempt was made to choose any special type of case in this study, the 
patients being taken irrespective of age, sex, nationality, or activity of 
the disease. During the entire investigation the blood counts were taken 
without knowledge of the clinical condition of the patients, and the 
clinical histories were not consulted until the curves had all been plotted. 
Similarly, the clinical staff was entirely ignorant of our results until the 
initial studies on the group were completed. 


OUTLINE OF TECHNICAL METHODS 


Blood counts were taken daily at the same time by one of us (H. K. R.). 
The total white cells were counted in the usual manner; the differential 
counts were made on fresh blood smears taken on clean glass slides. 
The smears were air-dried and then stained with either Wright’s or 
Giemsa’s stain. In order to obtain the basal level for each patient, 
counts were taken on three successive days prior to the injection of 
tuberculin. Each patient was then given 0.05 cc. of a 1:1000 dilution of 
Old Tuberculin, corresponding to approximately § mgm. by weight, and 
counts of the blood were made at daily or frequent intervals thereafter until 
such time as the total number of immature granular cells returned to the 
previously determined basal level. The differential smears were counted 
according to the method of Schilling, 200 cells being counted in more than 
half the cases, the other cases having not less than 100 cells counted. 
An estimate of the total number of immature cells in a given count was 
obtained by adding together the percentage of the band or Stab forms, 
the metamyelocytes or juvenile forms, and the myelocytes of the smear, 
and with the knowledge of the total white count, calculating the number 
present in one cubic millimetre of blood. (Example: Total white count 
15,000; myelocytes 1 per cent, metamyelocytes 10 per cent, band forms 
19 per cent. Total immature cells, 30 per cent. Absolute number of 
immature cells, 4,500 per cmm.) In this way daily absolute immature 
cell counts were obtained (table 2) and plotted in the form of a graph for 
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each test, using time as the abscissae and absolute number of immature 
cells as the ordinates. 

In addition to the observations on the blood, the local reaction from 
the tuberculin was also observed and measurements recorded during the 
the test at definite intervals. At the same time the temperature and 
pulse-rate of the patient were taken. In a few of the cases physical 
examination of the chest was performed by the clinical staff during the 
course of the test, so as to detect any possible reactivation of the pul- 
monary lesion. 


SUMMARY OF CASE MATERIAL 


In this study observations were made on 28 tuberculous patients, all 
of them bed cases. In most instances single functional tests were per- 
formed; in a few cases the test was subsequently repeated under similar 
experimental conditions. In certain of the cases the functional response 
to a nonspecific protein, namely milk, was studied. These will be con- 
sidered separately in the analysis of the results. 

A division of the group according to sex shows 15 males and 13 females. 
There were 4 Negroes in the group. Eight of the 28 were Italians. 
Divided according to age, there were 16 in the age-group from 15 to 25 
years, 9 in the group from 26 to 35 years, and 3 in the group from 36 to 
55 years. All the cases studied had been hospitalized and under clinical 
observation for from four months to four years. Following the functional 
test, many of the cases were observed clinically for the next eleven months 
with a repetition of the test in some. During this time three of the 
cases have terminated fatally, one of these coming to autopsy 
(case G. R.). 


NORMAL CONTROL CASES 


In addition to the study of the tuberculous patients, 5 apparently 
normal, healthy adults were subjected to similar test conditions in order 
to determine the normal functional limits of haematopoietic activity 
following intracutaneous injections of tuberculin. It is readily seen 
from a study of the total counts in table 1 and the graphs of the absolute 
immature cell response pictured in figure 1, that there is little or no 
response to tuberculin in normal individuals, the variations in the daily 
counts lying within the normal zone. 

From this observation it appears logical to assume that the effect of 
tuberculin injections in changing the peripheral blood picture can only 
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Fic. 1, Graphs showing immature cell response of normal individuals to intracutaneous injections of 
tuberculin. 
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be evident when the haematopoietic system is in a stage of pathologica 
activity. 

It also seemed of great interest to know, further, whether the change 
in the peripheral blood-picture was directly related to the activity of the 
pulmonary disease, as it is already known that the process in the lung is 
attended by hyperplastic changes in the bone-marrow. 


ANALYSIS OF RESULTS 


In order to determine whether the variation of the immature cells in 
the peripheral blood under the added stimulus of tuberculin really gave 
an accurate expression of the clinical activity of the disease at the time 
the functional test was performed, it was necessary to group the graphs 
of the cases on a basis of similarity of outline, and then to study the 
clinical data on the cases falling in the same group, to see whether there 
was any similarity as to degree of clinical activity of the disease. If it 
was possible to establish sufficient constancy between the graphs and 
the clinical data, then the value of the functional test would be estab- 
lished as an accurate index of the state of the tuberculous patient at the 
time of the test. Furthermore, if this was true, then repeated functional 
tests in a given case would provide us with prognostic evidence of great 
value. Finally, the use of such a test by different observers would tend 
to more nearly standardize the estimate of the extent of the disease in 
patients, as it is a well-known fact that different workers have different 
criteria by which they are governed in the diagnosis and prognosis of this 
disease. 

With the above points in mind an attempt was made to classify the 
graphs into definite groups depending on the general resemblance of the 
curves. It was found that they fell into four groups, thus: 


Group 1: Cases showing minimal variation from the normal haematopoietic 
response (figure 2). 

Group 2: Cases showing moderate variation from normal (figure 3). 

Group 3: Cases showing marked variation from normal (figure 4). 

Group 4: Cases showing atypical curves (figure 5). 


In an analysis of the individual graph, the following features must be 
considered: 


1: The initial preinjection level of the immature cells. 
2: The height of rise following upon injection of tuberculin. 
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3: The time taken to reach the apex of the curve. 
4: The time taken for the immature cell count to return to the preinjection 


level. 
5: The presence of any irregularity in the rise or fall of the curve. 


In order to obtain an adequate idea of the significance of the curves, 
the above features must be considered jointly in an individual case. 


GROUP 1: CASES SHOWING MINIMAL VARIATION FROM NORMAL RESPONSE 


There are 8 cases in this group, the individual graphs of which are seen 
in figure 2. The graphs show several points in common. Thus the 
preinjection levels lie practically in the same zone, with the maximum 
rise following injection occurring within twenty-four hours. (An excep- 
tion to this is in case 1 (F. M.), in which the maximum rise took place 
on the fourth day following injection.) Following the rise there is a 
rather rapid fall to the basal level within three or four days. 

In order to determine whether the graphs reflect the degree of clinical 
activity of the patients in this group, it is only necessary to study the 
following abstracts of the case-histories. 


Case 1: F. M., admitted May 7, 1930, white male, 24 years. History of 
haemoptysis two months before admission. Minimal involvement at left 
apex on physical examination. X-ray at time showed early tuberculosis of 
left apex and hilum. Picture June 23, 1930, showed spread of lesion. Arti- 
ficial pneumothorax done at this time. Sputum positive for tubercle bacilli 
on several examinations: negative since June, 1930 till present time, July, 
1930. Classed as moderately advanced A, condition quiescent. July to 
November, 1930: Symptom-free. December 8, 1930: X-ray shows resolution 
and calcification of lesion. January, 1931: Slight cough; gain 8 lbs. in weight 
since admission. Classed as M. A. A., improved. March, 1931: Classed as 
M. A. A., arrested. 


From the history it is seen that there was a gradual healing of this lesion, 
the clinical rating varying from quiescence to arrest. From the graph 
it appears that the functional response to the two tests taken eight 
months apart would suggest a very low grade of activity in this case. 


Case 2: M. W., admitted December 4, 1930, white female, 30 years. Chronic 
cough, weakness, haemoptysis 10 months before admission. Bronchovesicular 
breathing and rales right apex. Sputum repeatedly negative. Admission 
X-ray shows accentuation of markings but no definite evidence of tuberculosis. 
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Fic. 2. Graphs showing immature cell response of patients with minimal activity (group 1) to intracutaneous injections 
of tuberculin. 
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Case discharged as one of possible minimal involvement. No information 
obtained since of patient’s course. 


The graph of this case will be discussd subsequently with cases L. S. 
and R. T. 


Case 3: C. O’C., admitted April 25, 1930, white male, 25 years. Cough and 
haemoptysis one month. X-ray April 29, 1930. All lobes right lung involved. 
Sputum positive on admission. X-rays May and July, 1930, show recession 
of lesion. July 7, 1930, gaining weight; breath-sounds normal. Classed as 
M. A. A. quiescent. Sputum negative on repeated examination. September 
12, 1930, functional test done. October 13, 1930, X-ray shows further re- 
cession. Final classification on discharge, M. A. A., arrested. 


From the clinical progress in this case it appears that the functional test 
accurately reflected the degree of activity at the time. 


Case 4: L. S., admitted June 26, 1930, colored female, 43 years. Cough six 
months’ duration, following pneumonia. Breath-sounds increased at both 
apices. X-ray July 3, 1930, possible early involvement. Sputum negative 
on repeated examination. August 10, 1930, classed as Minimal B, quiescent. 
X-ray August 14, 1930, recession of lesion. December 30, 1930, rales at both 
apices. January 13, 1931, impairment of resonance at left apex; rales at right 
apex. Gain 51 Ibs. since admission. Final classification bilateral tuberculosis, 
Minimal A, arrested. 

Case 5: R. T., admitted May 31, 1930, white female, 39 years. Cough with 
loss of weight, six months. Dulness with rales at left apex; bronchial breathing 
with rales after cough over right central field. Sputum positive on admission. 
X-ray June 9, 1930, diagnosis of probable bilateral tuberculosis. August 14, 
1930, X-ray still suggestive of tuberculosis. Sputum positive, one othe1 
examination; repeatedly negative since. Slight afternoon elevation of tem- 
perature with gain in weight. Final classification, bilateral pulmonary tuber- 
culosis, Minimal A, arrested. 


A study of the graphs of these two cases shows a similarity in outline. 
The clinical findings and X-ray pictures apparently were not sufficiently 
definite in either case to warrant a diagnosis of tuberculosis. In case 
R. T., however, the finding of tubercle bacilli in the sputum established 
the diagnosis. In view of the similarity of the curves, it would appear 
that the functional test might be of aid in the diagnosis of early or so 
called incipient cases. On the strength of this possibility one is tempted 
to venture a positive diagnosis in case M. W. if the graph of the test is 
considered along with the clinical and roentgenological evidence. 
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Case 6: H. Y., admitted June 24, 1930, white female, 21 years. Cough with 
haemoptysis two months. Impaired resonance with harsh breath-sounds at 
right apex; sputum negative. X-ray, July 2, 1930, early pulmonary tuber- 
culosis. X-ray, October 25, 1930, no evidence of spread of lesion. December 
12, 1930, classed on discharge as M. A. A., quiescent. May 1, 1931, seen in 
O. P. D., condition apparently arrested. 5 


A consideration of the graph in this case, made on August 27, 1930, 
shows it to correspond closely to those of cases C. O’C and F. N. of the 
group which were clinically considered as arrested. Despite this fact 
the clinical classification at the time the test was made on H. Y. was 
M. A. A. quiescent. The examination of this case in May, 1931, nine 
months after the test, would lead us to believe that the functional test 
more nearly measured the activity of the case at the time than did the 
clinical estimate. 


Case 7: F. N., admitted June 12, 1930, white male, 29 years. Cough with 
haemoptysis two months. Pleurisy one month before admission. One 
brother has tuberculosis. RAéles at right apex down to the third and fourth 
interspaces near sternum. X-ray June 13, 1930, early tuberculosis infiltrating 
both upper lobes. Sputum positive once out of twenty-two examinations. 
July 5, 1930, symptom-free, rales both apices. July 17, 1930, X-ray shows 
general recession of lesion. August 17, 1930, rales at right apex, gaining 
weight, classed as M. A. A., quiescent. September 2, 1930, functional test 
performed. October 3, 1930, discharged as M. A. A., arrested. 

Case 8: O. S., admitted February 1, 1929, white male, 38 years. Chills, 
fever, cough. Onset two years ago, treated in sanatorium six months, rested at 
home several months, tried to work 1928, tired easily. Admitted to hospital 
with cough and hoarseness. Diminished expansion with increased breath- 
sounds and rales over upper half of each lung field. Tubercles seen in 
larynx with alteration of vocal chord; sputum positive. X-ray February 5, 
1929, both lungs involved with cavity showing fluid level in L. U. L. April 
10, 1930, X-ray shows no change. September 2, 1930, functional test done. 
September 27, 1930, lesion progressing slightly on right side. Clinical progress 
July, 1930, shows slight elevation of temperature with impaired resonance and 
rales over both upper lobes. Sputum repeatedly positive early in course; 
negative for five months prior to discharge. December, 1930, symptom-free, 
gain 30 lbs. since admission. Discharged as M. A. A., quiescent. 


While there is a general resemblance of these curves in this group, 
individual differences are nevertheless evident. Thus, although the last 
3 cases in the group have curves in which the basal preinjection levels 
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lie approximately in the same zone (800 to 1200 immature cells per cmm.) 
the functional response in the case O. S. is different from that of the other 
two. It is seen that the height of the curve is greater, and, what is 
perhaps more important, the time taken to return to the basal level is 
longer. When this observation is viewed in the light of the clinical 
histories of these 3 cases, it becomes apparent that the extent and activity 
of the lesion in O. S. is greater than that of either of the other 2 cases. 
Such an isolated observation in an obviously small group of cases might 
have no weight were it not for the fact that this is constantly illustrated 
in the other groups studied. A natural implication from this finding is 
the use of the functional test in estimating the comparative degree of 
activity in cases rated clinically as being in the same stage of the disease. 
It is obviously necessary, however, to collect a much larger series of 
cases than the present one in order to determine whether this implica- 


tion is true. 


GROUP 2: CASES SHOWING MODERATE VARIATION FROM NORMAL RESPONSE 


There are 5 cases in this group, the graphs of which appear in figure 3. 
The following is an abstract of the histories of cases 9 to 13: 


Case 9: H. R., admitted January 27, 1927, white male, 55 years. Patient is 
areadmission. In hospital from December, 1924, to July, 1926, with diagnosis 
of pulmonary tuberculosis with cavitation. Admitted January, 1927, with his- 
tory of recent haemoptysis. Dulness with rales over both apices. Amphoric 
breathing at right apex. X-ray taken in 1925 showed bilateral tuberculosis 
with cavitation and evidence of healing. Sputum on this admission positive. 
X-rays February, 1927, and July, 1928, March and June, 1930, all reported 
lesion as stationary. Sputum persistently negative. September 2, 1930, 
functional test done; patient gaining weight; symptom-free. December 31, 
1930, discharged with diagnosis M. A. B., quiescent. 

Case 10: J. M., admitted October 9, 1928, white male, 16 years. Haemoptysis 
two months. Chronic cough with weakness. Mother died of tuberculosis in 
1923. Dulness over right apex with rales through right chest and left upper 
lung field. Sputum repeatedly positive. X-ray October 9, 1928, involvement 
right lower lobe, right upper lobe and left upper lobe; areas of consolidation. 
Slight elevation of temperature. Symptoms rapidly subsiding with gain in 
weight. May, 1929, patient had haemoptysis. Rales at left apex with dul- 
ness. Distant breath-sounds; many coarse rales over right chest. Sputum 
negative for seven months before discharge. April, 1930, X-ray shows re- 
cession of lesion. Clinical classification at this time, M. A. C., quiescent. 
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Fic. 3. Graphs showing immature cell response of moderately active cases (group 2) to intracutaneous injections 
of tuberculin. 
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August, 1930, X-ray, further recession of lesion. April 10, 1931, physical 
examination shows extensive involvement of upper two-thirds of right lung; 
discharged as M. A. C., quiescent. 

Case 11: P. K., admitted August 7, 1930, white male, twenty-four years. 
Chronic cough; night-sweats two months. Mother died of pulmonary tuber- 
culosis. Dulness with rales over both apices. Sputum persistently positive 
throughout stay. August 19, 1930, X-ray, involvement both lungs with 
bronchopneumonia L.U.L. September 2, 1930, functional test done. Decem- 
ber 8, 1930, X-ray, shows improvement; lesion maximum in L. U. L. where 
consolidation is evident. January, 1931, symptom-free; gain 20 lbs. since 
admission. January 3, 1931, functional test done. May, 1931, patient en- 
gaged in active work past few months. May 8, 1931, functional test done; 
clinical diagnosis M. A. A., quiescent. 

Case 12: A.S., admitted March 7, 1930, white male, 33 years. Chronic cough 
two years. Dulness and rales right apex. Bronchial breathing both apices. 
Sputum persistently positive up to present time. March 11, 1930, X-ray, 
involvement of all lobes, both lungs. July 28, 1930, symptom-free; gained 
27 lbs. Classed as M. A. B., quiescent. August 2, 1930, functional test done. 
August 11, 1930, X-ray, diminution in lesion. March 3, 1931, X-ray shows 
partial recession of lesion with suggestion of cavity in right apex. March 16, 
1931, rales over entire left and upper half of right lung; losing weight; no 
clinical improvement evident; lesion showing low-grade activity. 

Case 13: E. D., admitted November 20, 1929, white female, 30 years. Patient 
isareadmission. In hospital from August, 1928, to August, 1929. Symptom- 
free on discharge. Advised by physician in November, 1929, to reénter hospi- 
tal. Entrance examination, bronchial breathing and rales R. U. L. with few 
rales at left apex. Previous X-rays showed bilateral involvement, greater on 
right side. Sputum persistently positive up to time of discharge (December 6, 
1930). May 26, 1930, slight improvement; classed as M. A., quiescent. 
August 7, 1930, functional test done. December 6, 1930, right lung intensely 
involved with cavities in right middle lobe and right lower lobe; rales upper 
third left lung; slight gain in weight. Classed on discharge M. A. C., quiescent. 


An analysis of the graphs in this group again shows certain common 
features. For example, the general preinjection level of these patients 
is higher than that of the cases in group 1 (fig. 2). Following the injec- 
tion of tuberculin, the rise that occurs is greater than that seen in the 
previous group. Furthermore, the greatest rise does not appear as 
constantly on the day following the injection as in the group-1 cases of 
mild activity, but shows rather a tendency to be delayed. Similarly, it 
is noticed that the return to the basal level is slower than the cases of 
group 1, being reached from one to two days later. 
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When one considers the clinical histories of these cases in the light of 
the functional response of the bone-marrow as shown in the graphs, a 
constancy between the degree of clinical activity and the shape of the 
curve is at once evident. Thus the cases taken as a group show on the 
whole greater clinical activity than those of group 1. Besides the general 
resemblance of the graphs, however, there is also a definite difference in 
the degree of response to the test, depending on the extent of activity of 
the case under consideration. For example, a comparison of the curves 
of H. R. and E. D. shows that, while the preinjection level of each case 
is in the same zone, the rise following injection of tuberculin is distinctly 
greater and more delayed in E. D. This would suggest a greater clinical 
activity in this case, which is evidently true if the clinical histories are 
studied, for, while case H. R. is showing a recession of the lesion clinically 
and by X-ray, as well as a negative sputum, case EZ. D., on the other 
hand, shows a more extensive and slowly healing process, with discharge 
of bacilli in the sputum over a period of nearly eighteen months. 

The prognostic value of repeated functional tests on the same patient 
at intervals in the disease is illustrated by a study of the graphs and 
histories of cases J. M. and P. K. In the former case a test, repeated 
four months after the first, showed a basal level practically identical in 
both instances, but the immature cell response after tuberculin was 
definitely less, as can be seen from a study of the broken-line graph 2. 
An examination of the progress notes in this case shows that the patient 
was discharged three months after the second test as an arrested case. 
It is worthy of note that, if this case had been studied by means of single 
blood-count determinations rather than by the functional test, there 
would have been no evidence from the second haemogram to suggest 
any improvement in the clinical picture, as the “shift to the left” in 
each estimation is of about the same extent. The difference in functional 
response to tuberculin in the two tests therefore reflects more accurately 
the trend of progress of this case than would the single leucocyte deter- 
minations that are in common use at present. 

The case of P. K. more strikingly illustrates the improvement occurring 
in the interval between the first two functional tests taken four months 
apart. Thus, in the second test the preinjection level is almost in the 
normal zone, the response to injection being of minimal nature, sug- 
gesting that the lesion has decreased in activity at this time. This 
finding is supported by the clinical notes of January, 1931. In April, 
1931, this patient was rehabilitated as an orderly in the hospital. Fol- 
lowing about six weeks’ work, another functional test was performed’ 
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(dotted-line graph 3). At the time of the test a physical examination 
showed no essential change; the test, however, suggests that there has 
been a “lighting up” of the pulmonary lesion. The patient is still work- 
ing and his progress will be followed with interest. 


GROUP 3: CASES SHOWING MARKED VARIATION FROM NORMAL 


Eight of the cases studied fall in this group, according to the graphs of 
figure 4. The general features of this group are the uniformly high pre- 
injection level of the immature cells, the tendency to delayed rise, the 
extreme heights to which the levels of the immature cells rise, and the 
very slow return to the previous basal level. The most striking single 
feature, however, is the slow return to the preinjection level, there being 
in every instance a period of from five to ten days elapsing before this 
occurs. The abstracts of the cases follow: 


Case 14: H. T., admitted June 12, 1930, white male, 23 years. Chronic cough 
following pneumonia three months ago. Distant breath-sounds at apex of 
right lung. Sputum positive on admission; negative five months prior to dis- 
charge. June 13, 1930, X-ray shows consolidation and fibrosis throughout 
right lung field. Considerable infiltration of left upper lobe. July 15, 1930, 
slight fever, gaining weight; physical signs unchanged; X-ray essentially same; 
classed as M. A. C., improved: August 16, 1930, slight fever, gaining weight; 
physical signs less marked; classed M. A. A., improved. September 2, 1930, 
functional test done. October 30, 1930, X-ray, widespread involvement 
previously noted, with the maximum pathological changes in the right lung, 
showing in addition numerous areas suggesting cavity-formation and caseation; 
some spread in the L. U. L. and upper portion of L. L. L., where the lesions 
suggest progress. December 15, 1930, symptom-free, gaining weight; phys- 
ical signs increased; cavernous breathing with rales L. U. L. and R. M. L.; 
rales at left apex; classed as M. A. A., condition fair. March 31, 1931, X-ray, 
cavities in right lung appear smaller. Exudate in L. U. L. less marked. Sep- 
tember, 1930, to March, 1931, patient lost five pounds. April 25, 1931, 
patient released from hospital against advice; classed F. A. A., improved. 


This case is abstracted at length because of the apparent dissimilarity 
between the clinical estimation of the progress of the case and the result 
of the functional test. ‘Thus, from the time of admission until December, 
1930, there appeared to be a decrease of clinical activity, judging by the 
change in rating from M.A.C.toM.A.A. A functional test performed 
in September, 1930, showed unmistakable evidence of a lesion of marked 
activity, as can be seen from a comparison of the graph with others in 
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this group. It is significant to note that the X-ray taken in October, 
1930, showed widespread involvement with definite spread of lesion, this 
being noted at a time when there was no evident increase in clinical 
activity. That the functional test and the X-ray gave a more correct 
impression of the activity of the lesion than did the clinical findings, is 
demonstrated by the final clinical rating and the progress notes of March, 
1931. 


Case 15: L. A., admitted June 21, 1930, colored female, 30 years. Chronic 
cough twelve months; dulness over entire left chest, apex-beat displaced to 
right; sputum positive several examinations. June 24, 1930, left hydropneu- 
mothorax with complete atelectasis of lung with displacement of heart to 
right; pulmonary tuberculosis right lung. August 4, 1930, functional test 
done. September 6, 1930, massive left-sided pleural effusion. October 6, 
1930, rapid loss of weight, high fever. January 12, 1931, rapid progression of 
lesion; classed F. A. C., highly active and retrogressive. Patient died on 
January 28, 1931. No autopsy obtained. 

Case 16: A. D., admitted October 16, 1928, white male, 34 years. Patient is 
a readmission, with onset of disease and hospitalization in 1924. Discharged in 
1926; diagnosis bilateral involvement with cavitation; returned to hospital 
October, 1928, with cough and hoarseness; dulness and bronchial breathing 
over both upper lobes; cavernous breathing R. U. L.; sputum negative during 
first months of stay, persistently positive past twenty months. October 25, 
1928, X-ray, caseation and cavity-formation R. U. L. with submiliary involve- 
ment of remaining right and entire left lung. August 27, 1930, X-ray shows 
marked progress of lesion. September 2, 1930, functional test made; patient 
losing weight; afternoon elevation of temperature. March 3, 1931, X-ray, 
several cavities R. U. L., areas of calcification throughout left lung. April 4, 
1931, classed as F. A. B., slight activity. April 29, 1931, sputum positive; 
slight fever; laryngitis present; physical signs relatively unchanged. May 8, 
1931, functional test done. 


On comparing the graphs of the two tests in case A. D., the similarity 
of outline is striking. The tests were performed eight months apart 
and the increase of the functional response in the second test (broken-line 
graph) accurately reflects the progress of the case as noted in the clinical 
history. 


Case 17: M. C., admitted February 14, 1929, white female, 21 years. Cough 
one month. Pectoriloquy with cavernous breathing in upper left chest. 
February 18, 1929, X-ray, consolidation with cavity L.U.L.; R.U.L. infiltrated; 
sputum persistently positive. June, 1930, fever with accelerated pulse; gained 
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20 Ibs. since admission; classed F. A. A., slow activity. August 4, 1930, 
functional test done. January 12, 1931, patient steadily losing weight; 
sputum positive; classed F. A. A., retrogressive. 


It is interesting to note that the functional test in this case suggested 
marked activity at a time when there appeared to be clinical improve- 
ment. The classification in January, 1931, of a progressing lesion bears 
out the accuracy of the test. 


Case 18: G. C., admitted February 4, 1930, white female, 26 years. Cough 
with haemoptysis one month. Mother died of tuberculosis. Impaired 
resonance, right chest, with rales over both upper lobes. February 4, 1930, 
involvement entire right lung, greatest at R.U.L.; sputum positive. April, 
1930, temperature normal, gaining weight; classed as M.A. B. August 12, 
1930, lesion shows increased activity; classed F. A. A. with persistent activity. 
August 13, 1930, functional test done. December 5, 1930, X-ray, large cavity 
R.U.L.; widespread bronchopneumonia R.M.L. and R.L.L. January 3, 1931, 
functional test done. January 10, 1931, losing weight, weakness increasing, 
hoarseness with persistent cough, sputum positive, temperature between 99 
and 103°F.; physical examination shows large cavity R.U.L., with signs of 
consolidation both lungs; classed F. A. C., persistent and increased activity. 
April 27, 1931, exaggeration of symptoms, high fever, patient delirious, prog- 
nosis exceedingly grave. 


A comparison of the clinical progress of this case with the graphs of the 
tests made about five months apart brings out the increased response of 
the bone-marrow with the increase in activity of the lesion. It is worthy 
of note that in the second test (broken-line graph) it took seven days 
before the highest point of the rise was reached. This was followed by 
a very abrupt fall, with a return to the basal level in two days. This 
response would suggest an exhaustion of the bone-marrow, such as one 
might expect to find in the terminal stages of the disease. 


Case 19: J. D., admitted January 3, 1930, white male, 17 years. Chronic 
cough with haemoptysis six months. Bronchial breathing, both apices, with 
rales at left apex. January 3, 1930, X-ray, involvement of right apex and 
L.U.L.; sputum positive. X-rays in March and April, 1930, show increase of 
lesion. June, 1930, some improvement in clinical condition first three months, 
followed by relapse. At present, patient showing loss of weight; classed as 
M. A. C. August 12, 1930, progressive weight-loss, rapid pulse and fever; 
physical signs increased; classed as F. A. C., retrogressive and active. August 
27, 1930, functional test done. September 27, 1930, X-ray shows increase in 
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lesion; cavity in L.U.L. larger. March 14, 1931, extensive involvement left 
lung and upper half right lung; progressive loss of weight, marked weakness, 
high fever. 

Case 20: W. A., admitted January 18, 1929, white male, 18 years. Chronic 
cough seven months. Dulness, upper half right lung, with rAles in all lobes 
and at left apex. January 18, 1929, X-ray, moderately advanced lesion in- 
volving upper two-thirds left lung and right apex; sputum persistently positive. 
January to October, 1929, clinical improvement first few months followed by 
increase in symptoms and signs with several attacks of haemoptysis; X-rays 
during this time showed definite progress of lesion with development of cavities 
in right lung; clinical classification changed from M. A. C., active to F. A. A. 
with bilateral cavitation. August 27, 1930, functional test done. January 
11, 1931, disease progressing rapidly, temperature between 99 and 104°F.; 
classed as F. A. C. with increased activity. April 4, 1931, disease progressing, 
marked cyanosis and dyspnoea; prognosis exceedingly grave. 


The response to the functional test in case W. A. is one of the most 
marked in the series studied. The rapid rise and the marked delay in 
returning to the basal level is striking. 


Case 21: G. F., admitted February 4, 1930, white female, 21 years. Onset 
three years ago with pleurisy and cough. Sputum positive at this time. 
Treated in sanatorium; discharged as quiescent. Admitted February 4, 1930, 
with cough. Physical signs at left apex and over R.L.L. February 6, 1930, 
X-ray shows cavity at left apex and throughout left lung. March 7, 1930, 
lesion extending in left lung; area of increased illumination in soft tissues of 
right side; sputum positive. May 14, 1930, sinus-tract in right chest; contents 
show tubercle bacilli; rapid progression of symptoms; fever to 104°F.; classed 
F. A. B.; persistent and advanced activity. August 7, 1930, functional test 
done. September 16, 1930, X-ray shows no change; clinical course progres- 
sively worse, diarrhoea present. September 20, 1930, patient signed her re- 
lease from hospital against advice; classed as F. A. A., persistent and advanced 
activity. 


From a correlation of the foregoing histories in this group with the 
graphs, it would appear that the functional test provides us with a very 
good index of the degree of clinical activity at the time the test is per- 
formed. Again, it is seen that it is possible to grade the degree of activity 
of the cases that fall in this group. Thus case A. D. is showing less 
activity than either case W. A. or G. C., judging from the nature of the 
respective graphs. That this is true is shown by the clinical histories. 
Moreover, from the result of the second test on A. D., done eight months 
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after the first, it is evident that there has been a definite but rather slight 
increase in the activity of the disease. During this time the patient has 
lost some weight and has developed a complicating laryngitis. 

There has been one death in this group,? case L. A. The test per- 
formed five months before death showed a lesion of marked activity at 
the time. Unfortunately the test was not repeated. 


GROUP 4: CASES SHOWING AN ANOMALOUS RESPONSE TO THE TEST 
Two cases fall in this group, the graphs being represented in figure 5. 


Case 22: G. R., admitted January 10, 1930, colored male, 46 years. Chronic 
cough six months. Amphoric breathing, right apex, with rales over both 
lungs. January 15, 1930, X-ray, involvement of entire right lung with ques- 
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Fic. 5. Graphs of cases (group 4) showing atypical immature cell response to intracutane- 
ous injections of tuberculin. 


tionable involvement of left; sputum positive. May 8, 1930, X-ray, rapid 
progression of lesion, with bilateral involvement of all lobes. January to 
September, 1930, progressive increase in symptoms with high fever, loss of 
weight, hoarseness and diarrhoea. September 2, 1930, functional test done; 
classification F. A. C. with marked activity. October 11, 1930, patient died; 


permission for autopsy granted. 


A study of the graph in this case shows the preinjection level to be con- 
siderably higher than any in the series, with the exception perhaps of 
H.T. It is worth noting the fluctuation of this level on the three days 
prior to injection. Following the injection of tuberculin, the response 
was of such slight degree as to be actually less than the variation noted 


2 Cases 18, 20 and 21 have since died (August 1 1931). 
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between the high and low limits of the basal level. On considering the 
second half of the curve, it is seen that, immediately following the 
short rise, there is a precipitate fall of the total number of circulating 
immature cells, the count reaching a lower level on the fourth day than 
that noted for any of the preinjection counts. Obviously the outline 
of this graph does not permit it to be included in any of the previous 
groups. ‘The clinical history reveals a case of far-advanced tuberculosis. 
At autopsy it was found that the bone-marrow taken from the femur 
showed marked hypoplastic change. The lack of haematopoietic re- 
sponse can therefore be explained on the basis of severe exhaustion of the 
bone-marrow. 

Similarly, in considering case D. C. certain unusual features present 
themselves. 


Case 23: D. C., admitted June 17, 1930, colored female, 12 years. Is case of 
advanced Mongolian idiocy. Bronchial breathing over entire right lung with 
scattered rales over both lungs. June 19, 1930, involvement of upper half of 
both lungs, with cavity in left L.U.L.; areas of bronchopneumonia in R.M.L.; 
sputum positive. August 4, 1930, functional test done. June to October, 
1930, rapid progression of symptoms. August 22, 1930, chest signs increasing; 
abdomen distended; oedema of lids present; urine shows persistent heavy 
trace of albumin; blood chemistry shows N. P. N. 57 mgm. per 100 cc. and 
creatinin 1.5 mgm. October 22 to 28, development of generalized oedema 
with death; classed as F. A. B., acutely active. 


An examination of the graph (figure 5) shows a high basal level, with a 
rise to the zenith of the curve in the usual time after injection. The 
return to the basal level is definitely retarded, showing, in addition, a 
secondary rise appearing on the third day after injection, with a total 
period of seven days elapsing before the count returned to its previous 
level. From these facts it might be warranted to include this case in 
group 3 as being one of marked clinical activity. This is supported by ‘ 
the clinical history. The anomalous type of the curve, especially the 

delayed secondary rise, is difficult to explain. It is remotely possible that 

the complicating renal lesion might have played some part in its pro- 

duction. 


THE HAEMATOPOIETIC RESPONSE TO NONSPECIFIC PROTEIN INJECTION 


In connection with this study it appeared to be of interest to know 
whether a nonspecific protein, such as milk, would produce the same 
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functional response as tuberculin in tuberculous patients. For this 
reason, a number of cases (table 3) were injected with sterile milk intra- 
cutaneously, and daily counts taken, as in the tuberculin group. The 
graphs obtained are seen in figure 6. These curves closely resemble those 
obtained with tuberculin, and appear to depend on the activity of the 
disease at the time the test is performed. This is well illustrated in 
cases W. A., J. D., and G. C. who were also tested with milk about two 
months after the tuberculin injection. The outlines of their graphs in 
figures 4 and 6 show a close resemblance, the minor differences present 
being readily explained on the degree of change in the disease that 
occurred in the interval between the two tests. Case J. D. probably 
shows the greatest similarity in the functional response to the two differ- 
ent agents, the curves being almost identical in the two tests. 


TABLE 3 
Immature cell counts on patients before and after injection of sterile milk 


PRE-INJECTION 


COUNTS DAYS AFTER INJECTION 


48 | 24 


M 
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In the remaining cases of this group it was found that the graphs 
expressed the clinical activity at the time of the test when the clinical 
histories were studied. It will only be necessary to submit an abstract 
on case R. K. 


Case 28: R. K., admitted November 25, 1929, white female, 24 years. Chronic 
cough with haemoptysis. Onset three years ago. Dulness with rales, entire 
right chest. Breath-sounds harsh, left chest. November 26, 1929, X-ray, in- 
volvement entire right lung, more marked in upper lobes; sputum persistently 
positive throughout stay in hospital; May to September, 1930, clinical improve- 
ment, slight elevation of temperature occasionally; classed as M. A. C., activity 
questionable. September 12, 1930, functional test done with milk. January 
2, 1931, X-ray shows improvement. March 4, 1931, clinical picture improved. 
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persistent gain in weight, chest signs less marked; classed as M. A. C. quiescent. 
April 10, 1931, X-ray shows no evidence of spread. May 8, 1931, functional 
test done with tuberculin. 


The difference in the graphs in this case in which two tests were per- 
formed eight months apart with different proteins to elicit the functional 
response, reflects the difference in the clinical activity of this patient’s 
lesion during this time. 

In view of the nature of the leucocytic response of tuberculous patients 
to intracutaneous injections of a nonspecific agent like milk, it would 
appear that such response is in no way limited to the introduction of 
specific products of the tubercle bacillus, a finding that is contrary to the 
observations of Bredeck (2), who claims that the haematopoietic response 
to tuberculin is a specific one. 


DISCUSSION 


From the foregoing results it appears possible to develop a satisfactory 
functional test for use in the study of the activity of pulmonary tuber- 
culosis in human beings. In order to establish the exact value of the 


test in the diagnosis and prognosis of this disease, it is obviously neces- 
sary to accumulate more clinical and experimental data than it has been 
possible to present in this paper. Indeed, were it not for the fact that 
there appears to be an almost unanimous agreement between the knowl- 
edge gleaned from an analysis of the graphs and from the study of the 
clinical and progress notes in this relatively small number of cases, no 
justification would exist for reporting our studies at this time. 

Our results are just what might be expected when the well-known 
reactions of the bone-marrow in pulmonary tuberculosis are considered. 
Thus the functional and structural hyperplasia of the bone-marrow, 
associated with the neutrophilic leucocytosis of this disease, is well known. 
This hyperplasia is due to the stimulating effect of certain unknown 
chemotactic substances liberated at the site of the inflammation in the 
lung. It is well known that the degree of functional and structural 
hyperplasia is in direct relationship to thé intensity and duration of the 
stimulus falling on the bone-marrow, provided the latter is capable of a 
normal response. Furthermore, the greater the physiological activity of 
an organ, the more irritable it becomes in responding to added stimula- 
tion. This being true, it would seem reasonable to expect a greater 
response to an added stimulus introduced parenterally in an individual 
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showing marked hyperplasia of the bone-marrow, the result of the 
activity of the disease, than in the case of another individual showing 
much less functional activity. It must be noted that this is contrary to 
Schilling’s conception of the functional activity of the bone-marrow, as 
he assumes that the degree of response is the same throughout the course 
of the disease, an assumption that cannot be admitted, when viewed in 
the light of this present work. 

That the intracutaneous injection of tuberculin or milk provides the 
added stimulus to an “irritated” bone-marrow, and that the degree of 
response depends on the underlying activity of the pulmonary disease 
at the time of the test, is amply demonstrated in the study of the cases. 
Moreover, that such a response can occur only when the bone-marrow 
is in a state of hyperplasia, is well illustrated by the case G. R., in which 
an anomalous functional response is found at autopsy to be due to a 
marked grade of hypoplasia of the bone-marrow. 

The question of the practical importance of the information gained 
from the test must be considered. It cannot replace the clinical or 
laboratory methods of study that are now an essential part of the investi- 
gation of the tuberculous patient. Under conditions that are ideal for 
the study of the patient, such as exist in hospitals and sanatoria, the 
test can only become a part of the general investigation of the individual. 
However, from the close accordance of its findings with those obtained by 
major methods of investigation under the most favorable conditions, it 
would appear that it might have great value under conditions of general 
practice, and in the hands of those who care for tuberculous patients, 
and who are not fortunate enough to have the aid of either expert clinical 
advice or ready X-ray facilities. The use of this simple test lies in the 
hands of every physician, as the only added knowledge necessary is that 
of the Schilling method of estimating the granular cells of the blood. 
By virtue of its simplicity and the lack of any special training or appara- 
tus, it has an advantage over the sedimentation or flocculation tests. 
By tests repeated at suitable intervals, it would be possible to obtain a 
very exact estimate of the progress of the disease in a given patient. 
Furthermore, it might offer aid in deciding on the degree of activity of 
lesions in which the clinical and roentgenological evidence are at variance. 


CONCLUSIONS 


1. A functional test based on the activity of the haematopoietic sys- 
tem is offered for the study of tuberculous patients. 
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2. The degree of clinical activity in tuberculosis appears to be in direct 
relationship to the nature of the haematopoietic response following the 
intracutaneous injection of either tuberculin or milk. 

3. The haematopoietic response is in no sense a specific one, in so far 
as the inciting agent is concerned. 

4, The simplicity of the test and the accuracy of the information 
obtained recommend it, not only as an added means for study of the 
disease in the hands of those specially trained, but also as an aid to those 
who lack special facilities for the study of the tuberculous patient. 
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THE CHEMICAL COMPOSITION OF THE ACTIVE PRIN- 
CIPLE OF TUBERCULIN 


XV. A PRECIPITATED PURIFIED TUBERCULIN PROTEIN SUITABLE 
FOR THE PREPARATION OF A STANDARD 
TUBERCULIN?? 


FLORENCE B. SEIBERT anp BETTY MUNDAY 


With our increasing knowledge of the nature of the active principle of 
tuberculin which is responsible for producing the specific tuberculin skin 
reaction in tuberculous animals, we are justified in requiring a standard 
preparation which can be measured accurately in terms of milligrams and 
which will have a uniform potency per milligram. 

O. T. (Koch’s Old Tuberculin) (1) has always been the standard in 
spite of the fact that it is a very complex mixture, in which the active 
principle is only one of many ingredients. Many methods, none of which 
is entirely satisfactory, have been proposed for the standardization of 
tuberculin. Among these have been the intracutaneous (2), the cutane- 
ous Pirquet (3), the lethal (4) (5), and the spermatocyte (6) tests. The 
method adopted by the Bureau of Agriculture in Washington is that 
modified by Schroeder and Brett (7), which consists in determining the 
minimal fatal dose in four out of six tuberculous guinea pigs of 500-gm. 
weight, following subcutaneous injection. As any worker in the field 
of tuberculosis knows, if tests for the potency of products are to have 
quantitative significance, many animals must be used and the varying 
sensitivity of different animals, as well as of the same animal at different 
times, must always be taken into consideration. 

Moreover, when the standardization is complete, it has been custom- 
ary to call 1 cc. of the O. T. solution, 1,000 mgm. (although the specific 
gravity is not 1.0), and from this to make dilutions 1:1,000, 1:10,000 or 
1: 1,000,000, etc., of which 0.1 cc. introduced intracutaneously will give a 
skin reaction, depending upon the sensitiveness of the individual. This 
1 cc. contains not only the active principle, but also glycerol, salts, pep- 


1 From the Department of Pathology and the Otho S. A. Sprague Memorial Institute, 
University of Chicago, Chicago, Illinois. 
2 Aided by a grant from the National Tuberculosis Association. 
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tone, metabolic bacillary products and water, and the exact amount in 
milligrams of any one of these constituents is never known. Therefore, 
we have to deal with an unknown mixture, standardized by means of a 
fairly crude animal test. 

It would be highly desirable to have a preparation, free from all these 
contaminating substances, and consisting only of the active principle in 
known concentration, a definite amount of which should produce a con- 
stant skin reaction in equally sensitive tuberculous guinea pigs. More- 
over, it should have a known chemical composition, which can be dupli- 
cated, as in the case of other known physiologically potent drugs. The 
aim of this paper is to discuss a method or methods for accomplishing 
such an end. 

It was thought by Koch (1) himself and by many later investigators 
that this active principle was protein or of a protein nature, and much 
experimental evidence has accumulated in recent years to prove that 
this is true. In 1928 the tuberculin protein was found to crystallize into 
needles, which formed themselves very often into burrs, and this protein 
after fourteen crystallizations was a very active tuberculin, having rather 
gained than lost potency during the crystallization process (8). More- 
over, these crystalline needles, after ten crystallizations, on standing in 
the ice-box, gradually and slowly transformed themselves into hexagonal 
plates. The protein in this latter crystalline form was also an active 
tuberculin. The amount of tuberculin protein which will crystallize is 
very small, and during the repeated recrystallizations which are necessary 
in order to remove the visible amorphous particles from the needles the 
yield is so much decreased that this method for preparing purified tuber- 
culin protein for even continued research is impracticable. 

One is furthermore impressed with the fact that the great bulk of pro- 
tein which will not crystallize is also physiologically active and, therefore, 
while from a chemist’s standpoint it is more desirable to begin analysis 
with a crystalline substance, this property of crystallizability obviously 
is not essential to the biological activity. The view has been strongly 
upheld that some special type of linkage or some portion of the tuberculin- 
protein molecule may be responsible for the specific biological activity 
(9), and that this active group may be contained in the whole crystalline 
protein, as well as in any of the active but noncrystallizable protein, or 
even possibly in certain proteose or polypeptide molecules. A similar 
hypothesis in regard to insulin, pepsin, etc., has been expressed by Witze- 
man (10), Freundenberg, Dirscherl and Eyer (11) and others. The goal 
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in the more technical research carried on for the past several years by the 
authors has been the isolation or identification of such a substance or 
grouping in the tuberculin-protein molecule, and the progress made in 
this direction will be reported elsewhere, since it is obviously of a more 
theoretical nature. For such work, then, it is reasonable to start with 
a product many stages removed from the crystallizable state. Future 
experimentation will show whether it will ever be possible to isolate the 
active portion from the long protein chain, in uniform and chemically 
known form, as was done in the case of thyroxin isolated from thyro- 
globulin. 
TABLE 1 


TUBERCULIN PROTEIN PER CENT N mom. N IN M.P.S.D, 
FRACTIONS* (ON WET WEIGHT) MGM. SOLID IN M.P.S.D.t (CALCULATED) 


Crude TPA 10.5 0.0002 0.0000210 
Pure TPA 14.1 0.000285 0.0000402 
TPT 1 13.8 0.000333 0.0000459 
TPT 2 12.8 0.000444 0.0000533 
TPT 3 13.3 0.0005 0.0000665 
OTT 12.6 0.0005 0.0000630 


TPU 4.7 0.0004 0.0000188 
OTU 2.4 mgm. per cc. 0.0000686 
SOTU 4.3 0.001 0.0000430 


* TP designates tuberculin protein made on Long’s synthetic medium; TPA means tuber- 
culin protein precipitated by means of ammonium sulphate; TPT and OTT mean respec- 
tively tuberculin protein and Koch’s O. T. protein precipitated by trichloracetic acid; TPU 
and OTU mean respectively tuberculin protein and O. T. purified merely by ultrafiltration; 
SOTU means O. T. made upon Long’s synthetic medium and then merely purified by ultra- 


filtration. 
t m.p.s.d. = minimal potent skin dose. 


But, for the present, it is of paramount importance to the clinician to 
produce a preparation of the pure protein in such a form that its chemical 
composition and potency are uniform and easily duplicated. Many 
methods have been proposed for the purification of the tuberculin protein 
and most of them succeed in separating more or less of the active protein. 
To furnish the pure protein in soluble and undenatured form, and in 
relatively large quantities, the best methods have proved to be ammo- 
nium-sulphate precipitation (8) at a pH of 4.8, ultrafiltration (9), and, 
more recently, trichloracetic-acid precipitation following purification by 
ultrafiltration. While products made by all three methods are of ap- 
proximately equal potency on the basis of their nitrogen contents, as is 
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shown in table 1, the superiority and advantages of the last method lie 
in the facts that the protein is easily obtained free from the ever-present 
polysaccharide of raw tuberculin, that it does not sediment out from 
aqueous solution on standing, and that the method is a uniform and yet 
very simple and quick one which most readily lends itself to the quanti- 
tative determination of yields, and to accurate repetition. 

In the case of the purification of the protein by means of ammonium 
sulphate, a very satisfactory preparation results, as was shown previously. 
(For method see original paper (9).) The purified product contained 
2.88 per cent polysaccharide, was water-soluble, and is shown in this 
paper (table 1, as pure TPA, an abbreviation for tuberculin protein, 
precipitated by ammonium sulphate) to have a high degree of potency. 
But, in order to obtain the protein by this method, free from the poly- 
saccharide and yet undenatured, one must use only that portion of the 
protein which can be salted out by half saturation, or, if all the protein is 
precipitated by complete saturation, then solution and reprecipitation 
at a constant pH of 4.8 must be repeated many times. Following this 
the solution must be dialyzed and concentrated, and in the end the pro- 
tein does not have as low a content of polysaccharide as do the trichlor- 
acetic-acid precipitates after a single precipitation. Therefore, in the 
opinion of the authors it is more economical and much less tedious to 
use the trichloracetic-precipitation method. 

It would not, of course, be practical to precipitate the protein with the 
expensive chemical, trichloracetic acid, directly from large volumes of 
tuberculin without a preliminary concentration of the solution. This is 
most simply and easily accomplished by ultrafiltration, since it has been 
determined what membrane permeability (9) is necessary to hold back 
all of the active tuberculin protein. This purely physical type of con- 
centration causes no chemical change in any of the colloidal constituents 
of the tuberculin, and, since by this means everything can be removed 
from the tuberculin except the protein and the polysaccharide,’ it is a 
most satisfactory preliminary step for the final separation of these two 
substances, which then is very simply accomplished by means of a single 
trichloracetic-acid precipitation. This product for short is hereafter 

3 If one were to remove the polysaccharide from the protein by hydrolytic methods, many 


other factors must be considered quantitatively, as, for example, the relative decrease in 
activity due to the procedure, etc., and such considerations will be presented in a future 


communication. 
4 A method similar to this has been devised independently by Dr. A. D. Emmett, of Parke, 


Davis & Co., and has been used with success. 
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called TPT, meaning tuberculin protein, precipitated by trichloracetic 
acid. The method in detail is given below. 


METHOD OF PREPARING PRODUCT DESIGNATED AS TPT 


Virulent tubercle bacilli (Saranac Lake strain H37 has been used in 
our work) are grown upon the Long’s synthetic medium (12) for eight 
weeks at 37.5°C. (more protein is obtained by allowing the culture to grow 
for eight to twelve instead of the usual four or six weeks) (13). The 
bacilli are removed by filtration through china silk on a Buchner funnel 
and then through a Mandler filter. The clear yellow tuberculin, pre- 
served with 0.5 per cent phenol, is then concentrated by ultrafiltration 
on a 12.5 per cent gun-cotton-glacial-acetic-acid membrane (9), and 
washed with 0.5 per cent phenol solution by continued ultrafiltration 
until the filtrate is chloride- and iron-free, and then filtered. (It has 
not yet been determined whether for routine preparations this additional 


TABLE 2 


PER CENT POLYSACCHARIDE 


PER CENT NITROGEN 
(DRY WEIGHT) 


(DRY WEIGHT) mom, N IN M.P.S.D. 


(1) 
(2) 
(3) 


14.70 
14.65 
15.40 


1.85 
1.79 
2.04 


0.0000459 
0.0000533 
0.0000665 


washing process is absolutely essential before precipitation. In order 
to obtain the quantitative results given in this paper, it was, of course, 
necessary.) The protein is then precipitated from this pure colloidal 
solution in a final concentration of 10 per cent trichloracetic acid and, 
after standing over night, the precipitate is centrifugated off and washed 
by centrifugation several times® with 10 per cent trichloracetic acid un- 


til the washis clear and colorless. The drained precipitate is partly 
dried im vacuo and then ground to a fine powder under large volumes of 
ether, which simultaneously dehydrates the product and removes the 
trichloracetic acid. A fine cream-colored powder, TPT, with analyses 
as shown in table 2, is thus quickly obtained. 

This product is not completely soluble in water, but is easily dissolved 
by the cautious addition of a few drops of 0.1N alkali, and then, if the 
solution is immediately neutralized with HC], it remains clear indefinitely. 
A solution of any desired strength can be made with 0.9 per cent saline 
solution containing 0.5 per cent phenol, and can be kept for a long time 


5 Since this paper has gone to press it has been possible to lower the content of reducing 
substances, in some cases even to zero, by continuing this washing process. 
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as a stock solution from which to make fresh dilutions frequently. The 
length of time for which such solutions may be kept without deteriora- 
tion is being studied. 

A solution as strong as 20 mgm. dry TPT powder in 1 cc. has so far 
been made and kept in the ice-box for over a year without noticeable 
sediment or loss in potency. It is important however, to prevent freez- 
ing of the solution. This solution was found to be at least 1.6 times as 
strong as a market sample of Koch’s O. T. by means of the quantitative 
skin test. In other words, 0.1 cc. of a 1:4,000 dilution was found to bea 
minimal potent skin dose, equivalent to 0.1 cc. of a 1:2,500 dilution of 
a 

As mentioned previously, one of the most important requirements of 
any method for preparing a pure tuberculin protein is that a product of 
uniform chemical composition and potency can be made whenever 
desired. Table 2 will show how closely the chemical composition and 
potency of different lots of TPT made by the method outlined above 
check each other. 

The question as to whether the tuberculin potency parallels the nitro- 
gen content of a protein powder made as outlined above, as well as by 
other methods, is answered in table 1. Because of the possibility of 
coincidence, nine different powder preparations made by a number of 
different methods were chosen to be tested for their nitrogen contents and 
also for the minimal amounts by weight which were just sufficient to pro- 
duce on intracutaneous injection equal maximum skin reactions (area of 
erythema of 12-15 mm. in diameter, with a blanched centre and begin- 
ning necrosis and some induration) in tuberculous guinea pigs of as nearly 
equal sensitiveness as possible. This is called a minimal potent skin dose 
(m.p.s.d.). The doses were repeatedly titrated against the sensitivity 
of the guinea pigs, thus eliminating those animals of inferior sensitivity, 
and no less than three final tests in three different guinea pigs were made 
for each product. More than 300 tests were thus required to secure the 
data given in table 1. 

In the list were included a highly purified and crude ammonium sul- 
phate precipitate (TPA); four purified trichloracetic-acid precipitates 
(TPT and OTT); and three fractions separated merely by ultrafiltration 
(TPU, OTU and SOTU). The last three were fractions with a very low 
nitrogen content and an extremely high polysaccharide content, and yet 
were potent tuberculins. . 

The protein content, as is shown by the percentage of nitrogen of these 
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preparations, varied considerably, but the amount of solid required for 
the minimal potent skin dose varied in inverse ratio, making the varia- 
tion in the milligrams of nitrogen per minimal potent skin dose only from 
0.000,018,8 to 0.000,068,6. 

Since it is possible to obtain consistent results in sensitive tuberculous 
guinea pigs by means of the intracutaneous test, and since the chief use 
of tuberculin at present consists in diagnostic skin reactions, it is advis- 
able to base the standardization, so far as possible, upon the intracu- 
taneous test, as has been maintained by Aronson (14), Okell and Parish 
(15), Funk and Huntoon (16), etc. 

T he success of the minimal potent skin dose process, however, depends 
chiefly upon inoculating one-pound guinea pigs with a highly virulent 
strain of tubercle bacilli, as for example Saranac strain H37, since it has 
been the experience of one of us that less virulent strains do not sensitize 
the guinea pigs sufficiently to enable one to obtain quantitative differen- 
tial skin reactions with small differences in the amount of tuberculin 
given intracutaneously. The subcutaneous injection of 1 or even 2 mgm. 
of our strain 119, which is less virulent than H37, in the groin of one- 
pound male guinea pigs, 4 to 5 weeks previous to the skin test, did not 
render the animals as sensitive to small doses of tuberculin as did similar 
inoculations of 0.1 mgm. of strain H37. 

It is quite clear, then, that the degree of sensitiveness of the guinea 
pigs is one of the most important factors in evaluating the potencies of 
different tuberculins. Therefore, in order to eliminate such error in 
standardization as is caused by a varying level of sensitiveness, a known 
standard preparation should always be tested at the same time as the 
unknown tuberculins. Such a standard should, of necessity, be a highly 
purified tuberculin protein of known chemical composition, whose po- 
tency has had no chance to deteriorate. It would therefore be in powder 
form, and the product TPT, herein described, would satisfactorily meet 
such requirements. 

The question of yield of TPT must also be considered. In a previous 
publication (13), it was pointed out that the yield of protein depended 
largely upon the time during which the culture was allowed to incubate, 
grow and autolyze. Several factors contribute to make a tuberculin 
which is incubated for a long time more potent, such as evaporation of 
the culture liquid and extraction of active protein from the bacilli. 

But if the yield is calculated upon the basis of the original volume of 
medium inoculated (195 cc. per bottle) then the data published previously 
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(13) show, for example, a yield of 0.295 gm. of protein precipitated by 
trichloracetic acid from a three-months-old culture per original litre of 
synthetic medium. The data calculated on this basis are shown in 
table 3. 


TABLE 3 


PROTEIN PER LITRE OF ORIGINAL 
CULTURE MEDIUM 


AGE OF CULTURE PROTEIN PER BOTTLE 


weeks mgm. gm. 


5-6 0.0161 0.082 
6-7 0.0249 0.122 
8 0.0367 0.183 
12 0.0576 0.295 


24* 0.292 


* Added from recent data. 


It is of interest to know what proportion of the colloidal nitrogen in 
tuberculin will actually precipitate with trichloracetic acid and, there- 
fore, quantitative experiments were made, as listed in table 4. 


TABLE 4 


MGM, PER CENT OF TOTAL 


’ TUBERCULIN | N PRECIPITATED BY 
TUBERCULIN FROM LONG’S SYNTHETIC MEDIUM GRAMS OF TPT PROTEIN TRICELORACETIC 


PER CC, ACID 


In these experiments, one litre each of tuberculin, as it was found at 
the end of the period of growth, and not made up to the original volume 
of medium, was washed by means of ultrafiltration until free of all non- 
colloidal constituents and then precipitated quantitatively with tri- 
chloracetic acid, and the precipitates were freed from acid, dried, weighed, 
and analyzed for nitrogen. The substances remaining unprecipitated ‘ 
were similarly quantitatively recovered and analyzed, but are omitted 
from the table in order to avoid complexity of data. It is seen from these 
results (table 4), therefore, that a considerable proportion of the nitrogen 
does not precipitate, and, as would be expected, the longer the tuberculin 
is allowed to incubate and autolyze, as in the case of the six-months-old 
tuberculin, relatively less precipitates. But no reagent has so far been 
found which will precipitate the active tuberculin protein in pure form 
more completely than does trichloracetic acid. This fact was taken 
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advantage of several years ago when, based upon trichloracetic-acid 
precipitation, a quick and easy method for chemical standardization of 
tuberculin was proposed (13). The nitrogen-containing fraction which 
remains unprecipitated by the trichloracetic acid has some activity, but 
relatively less per unit of nitrogen than does the precipitated protein. 
It contains approximately 2 per cent nitrogen, which is so closely asso- 
ciated with a large amount of polysaccharide that no method has so far 
been found to dissociate them in such a way as to leave an active nitrog- 
enous fraction. The more detailed chemical study of this nitrogen 
fraction will be reported in another article. 

It is impossible to overemphasize the importance of a very high degree 
of purity in a compound when attempting to establish its biological activ- 
ity. Even traces of contaminants are sufficient to lead to wrong con- 
clusions. For example, the 2 per cent (or even less) of nitrogen asso- 
ciated with the polysaccharide just mentioned is sufficient to make the 
difference between a tuberculin reaction and no reaction. When this very 
fraction is freed from every trace of nitrogen, no skin reaction follows its 
injection intracutaneously, and even 50 mgm. injected intraperitoneally 
has no easily recognizable effect upon tuberculous guinea pigs. Normal 
rabbits have frequently tolerated intravenous injections of 40 mgm. every 
other day for five injections, with no apparent injury to their general 
health. If one were to calculate on the basis of the results obtained, 
namely, that roughly 0.000,5 mgm. of tuberculin-protein powder, con- 
taining approximately 0.000,05 mgm. nitrogen, is sufficient to elicit a 
maximum skin reaction in a tuberculous guinea pig, then this amount as 
a contamination of any preparation would be apt to lead to serious errors 
in interpretation. For example, this amount of tuberculin protein, 
mixed in with a 0.1-mgm. dose of another inert substance, would cause it 
to be a potent tuberculin and yet the content of nitrogen of the mixture 
would be only 0.05 per cent. 

The tuberculin protein (TPT) discussed in this paper is shown in 
table 5 to be an active antigen, both in that it actually elicits antibody 
production when injected into the animal, and in the fact that it forms 
a precipitate with immune serum. 

The clinical study of these products in comparison with O. T. is being 
made by Dr. Grace Hiller and Dr. Walter Maddux in the University of 
Chicago Clinics and will be reported by them later. Sufficient tests 
have so far been made to indicate that the tuberculin protein is a safe 
and potent product and that as little as 0.000,1 mgm., or even less, will 
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produce large skin reactions in sensitive tuberculous patients. Funk 
and Huntoon (16) adopted 0.000,5 mgm. of their tuberculin protein 
MA-100 made by ammonium sulphate and alcohol precipitation as the 
dosage for the intracutaneous test in patients. 


TABLE 5* 


ANTIGENS CONTROLS; 
RABBITS IMMUNIZED WITH SALINE 
TPT TPU TPA 


100,000] 2,000,000} 100,000 0 
(1) 0 20,000 0 
(2) 200,000} 200,000} 200,000 0 


* The titres mean the number of cc. in which 1 mgm. of antigen was contained. The 
rabbits were immunized by intravenous injections of 50 mgm. of the powder in 1-cc. solution 
every other day for four times. They were bled three weeks following the last injection. In 
the case of the second rabbit the first titres (1) were very low and therefore the series of in- 
jections were repeated and the titres (2) were raised, as shown in the table. 


COMPARISON WITH KOCH’S 0. T. 


A consideration of any tuberculin, in order to be of practical assistance 
to the clinician, must include an evaluation in terms of Old Tuberculin. 
This type of comparison was, therefore, attempted during the present 
study. 

The first question to be answered is whether the active portion of O. T. 
is or is not identical with the tuberculin protein isolated from tuberculin 
made upon synthetic medium. With a technique available, such as is 
outlined in this paper, namely, that of removing all extraneous substances 
by means of ultrafiltration, resulting in a concentration of the nitroge- 
nous and active elements, it has been possible to analyze O. T. and study 
it quantitatively. 

In other words, O. T.,* made in the usual manner by growing a virulent 
organism on glycerol-beef-broth, was washed by means of ultrafiltration 
until free from the abundant contaminating substances, glycerol, salts, 
peptone, etc. Only small traces of active material passed through the 
12.5 per cent gun-cotton membrane. The active residue, therefore, was 
suitable for quantitative analyses, by the same methods as used in the 
case of the tuberculin-protein fractions discussed earlier in this paper. 
It is called OTU, meaning O. T. ultrafiltered and washed, This active 


6 This Old Tuberculin was generously supplied to us by Dr. Marion Dorset, of the Bureau 
of Agriculture, Washington, D. C. 
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residue then was precipitated by means of 10 per cent trichloracetic 
acid and the precipitate as well as nonprecipitable portion was recovered 
in dry powder form by the method described previously. The precipi- 
tate contained 14.3 per cent N, and is called OTT. . 

The potency per milligram of nitrogen was then similarly determined 
by means of the skin test in tuberculous guinea pigs. This product 
(OTT) had a potency such that 0.000,5 mgm. solid, containing 0.000,066,6 
mgm. nitrogen was a minimal potent skin dose, as compared with the 
0.000,055,2 mgm. nitrogen (average) of the TPT. Therefore, since the 
substance precipitated from purified OTU by means of trichloracetic 
acid was approximately equal in potency per unit of nitrogen to that of 
protein similarly precipitated from raw tuberculin made upon synthetic 
medium (TPT), the conclusion was naturally reached that they consisted 
of the same protein. If there were, for example, beef protein present in 
this OTT fraction, then the potency per unit of nitrogen should have been 
much lowered. Whatever beef protein there may have been in O. T. 
probably had been hydrolyzed to the extent that it did not precipitate 
with trichloracetic acid. In support of this theory, a test of the potency 
of the fraction not precipitating with trichloracetic acid showed it to be 
much less potent per unit of nitrogen than were the trichloracetic-filtrate 
fractions from the tuberculins made on synthetic medium. This would 
indicate that most of the inactive nitrogenous constituents (beef?) were 
in this filtrate. 

From 100 cc. of O. T., 0.707 gm. of trichloracetic precipitate (OTT) 
was obtained, which had 14.3 per cent nitrogen. This material repre- 
sented 27 per cent of the total colloidal nitrogen in the O. T. Therefore, 
by actual isolation, in which of course there is necessarily a loss, 1 cc. of 
O. T. contained 7.07 mgm. of OTT. Previously, on the basis of a com- 
parison by means of the minimal potent skin dose test, it was' found that 
0.1 cc. of a 1:2,500 dilution, or 0.000,04 cc. of this Koch’s O. T., was 
equivalent to 0.000,426 mgm. TPT powder. According to this calcula- 
tion, 1 cc. of O. T. contained the equivalent of 10.6 mgm. of purified 
tuberculin protein (TPT). In other words, 1 gm. of the protein TPT 
would contain as much potency as 100 cc. of O. T. These results show 
that about a 33 per cent loss in potent units occurs during isolation, and 
this sacrifice must be made if one desires to obtain the highly purified 
protein, rather than the material simply washed by ultrafiltration, which 
still contains polysaccharide and, in the case of O. T., probably some 
beef-protein nitrogen. 
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Since the yield of purified protein precipitated by trichloracetic acid 
was relatively so much greater from O. T. than from raw tuberculin made 
on synthetic medium, it seemed worth while to determine the relative 
amount that could be obtained if the O. T. were made by Koch’s method 
from cultures grown upon synthetic medium (SOT, meaning Synthetic 
Old Tuberculin). Such SOT was therefore prepared and it was found 
that 100 cc. yielded 347 mgm. of trichloracetic precipitate. This is 
slightly less than half of the amount obtained from a similar volume of 
O. T. made from beef-infusion-glycerol-bouillon, and corresponds more 
closely to the 295 mgm. precipitate obtained from a litre of tuberculin 
made from a three-months-old culture on Long’s synthetic medium. 
From these data, it seemed probable, therefore, that all of the protein 
obtained from Koch’s O. T. might not be identical with that precipitated 
from tuberculin made on synthetic medium. Since immunological 
methods are often our most delicate tools for differentiating proteins, 
they may serve to determine whether the two preciptates contain the 
same protein. Such a study is practically completed and will be pub- 
lished in another communication. 


CONCLUSIONS 


Since the constituent of tuberculin which is responsible for producing 
skin reactions in tuberculous animals is contained in the tuberculin-pro- 
tein molecule, methods have been proposed and discussed for obtaining 
this protein in chemically pure form. The method given in detail, and 
preferred because it furnishes the protein in pure form in the most 
economical manner, is as follows: (1) growth upon a pure nonprotein 
synthetic medium; (2) ultrafiltration, effecting concentration and puri- 
fication; and (3) a single precipitation with trichloracetic acid. The 
chemical composition of products (TPT, meaning tuberculin protein 
precipitated by trichloracetic acid) made from time to time by this 
method, that is, the content of nitrogen (14.6-15.4 per cent) and of 
polysaccharide (1.7-2.0 per cent), varies only within 1 per cent, and the 
potency of the products, based on their nitrogen content, varies almost 
within a range of experimental error of the skin test (0.0000459- 
0.0000665 mgm. N. per minimal potent skin dose in tuberculous guinea 
pigs of the degree of sensitiveness described). 

Moreover, solutions of this purified tuberculin protein (TPT) are 
relatively stable, and stock solutions of any strength, equal to, or greater 
than that of O. T., can be made. A solution 1.6 times as strong as O. T. 
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has been made, 0.1 cc. of which, in 1:4,000 dilution, gave a maximum skin 
reaction in tuberculous guinea pigs. 

An equally potent and pure product can be made by means of ammo- 
nium-sulphate precipitation (TPA), but the process is more tedious and 
lengthy, and does not so readily lend itself to quantitative chemical 
work, because of the nitrogen in the ammonium sulphate. 

The nitrogen content, per minimal potent skin dose, of the tuberculin 
protein, obtained in a variety of ways, all nondrastic, varied for nine 
preparations from 0.000,018,8 to 0.000,068,6 mgm. N. 

Standardization of tuberculin potency should be made by means of the 
intracutaneous skin test when the product is to be used diagnostically. 
When the standardization is made, a known standard tuberculin should 
be simultaneously tested, since the minimal potent skin dose depends 
upon the sensitivity of the guinea pigs used, and this sensitivity in turn 
seems to depend upon the condition of the animals and the strain and 
amount of tubercle bacilli with which they have been inoculated. 

A portion of the active nitrogen in crude tuberculin will not precipitate 
with trichloracetic acid and other reagents, and this fraction is being 
studied. 

The yield of TPT was found to be 183 mgm. per litre of tuberculin 
from an eight-weeks-old culture of tubercle bacilli grown on Long’s 
synthetic medium, and 295 mgm. if the culture had been incubated for 
three months. 

The tuberculin protein (TPT) obtained by the method outlined is 
antigenic. 

Preliminary clinical tests of the TPT indicate that 0.000,1 mgm. or 
less will produce a skin reaction in tuberculous patients, and that it is a 
safe and satisfactory product for diagnostic purposes. 

Koch’s O. T. was analyzed by the same methods as applied to the 
study of the tuberculin protein from tuberculin made upon synthetic 
medium, and it was found that from 100 cc. of a preparation of O. T. 
707 mgm. of protein could be precipitated by means of trichloracetic 
acid. This protein (OTT) was approximately as active (0.000,066,6 
mgm. N per minimal potent skin dose) per unit of nitrogen as was TPT. 
Therefore it probably does not contain inert (beef) protein. Such inert 
protein may remain in the unprecipitated residue. During the isolation 
and preparation of the OTT there was a loss of about 33 per cent of the 
potency units. On the basis of potency units 1 gm. of the TPT is equal 
to 100 cc. of O. T. 
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When O. T. was made in the usual way, but from cultures grown on 
synthetic medium, the yield of protein precipitated by trichloracetic 
acid (SOTT) was 347 mgm. per 100 cc., that is, a figure exceeding the 
295 mgm. per litre obtained from a three-months-old culture of tuberculin 
on synthetic medium and less than the 707 mgm. per 100 cc. of a sample 
of ordinary O. T. 
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JUVENILE TUBERCULOSIS SUSPECTS 


An Evaluation of the Clinical and Roentgenological Findings in Relation to the 
Diagnosis and the Grade of the Tuberculin Reaction? 


ERNST WOLFF, ROBERT S. STONE anp FREDERICK EBERSON 


THE PROBLEM 


The problem of the diagnosis of suspected juvenile tuberculosis in its 
various forms is not entirely solved. In the literature various opinions 
are expressed about the pathognomonic value of the different symptoms, 
physical signs, and tests. The general trend in recent years is to dis- 
count symptoms and clinical signs and to lay emphasis on the roentgeno- 
logical findings and the tuberculin reaction. The object of the present 
study is to evaluate the different factors, with special reference to the 
roentgenological findings and various grades of intensity of the tuberculin 
reaction. 

The material used in this study was drawn from the Children’s Chest 
Clinic of the University of California Hospital and the Children’s Clinic of 
Mount Zion Hospital. It consists of approximately 100 tuberculin- 
negative and 200 tuberculin-positive children who were ambulatory and 
had no marked symptoms. They came to the clinics because they were 
suspected of having a tuberculous process or they had been exposed to 
tuberculosis. The average age of the negative and positive groups was 
85} and 9 years respectively. These children correspond to the large 
number of patients observed in the practice of pediatrics whose vague 
symptoms and signs present special difficulty in establishing the diag- 
nosis of a tuberculous or nontuberculous condition. . The clinical diag- 
nosis of the tuberculin-positive cases is presented in table 1 and of the 
tuberculin-negative cases in table 5. 


1 From the Departments of Pediatrics, Roentgenology and Medicine of the University of 
California Medical School, San Francisco, and the Pediatric Department of Mount Zion 
Hospital, San Francisco, California. 

2 Read at the Second International Pediatric Congress at Stockholm, Sweden, August, 
1930. 
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TABLE 1 
Clinical diagnosis of the tuberculin positive group 


NUMBER OF PERCENTAGE 


CAL DIAGNOS. 
CASES OF TOTAL 


Pulmonary tuberculosis, active 

Pulmonary tuberculosis, inactive 

Perifocal infiltration, lung 

Perifocal infiltration, hilum-lung 

Hilum tuberculosis, active 

Cervical lymph-node tuberculosis, active 
Cervical lymph-node tuberculosis, inactive 
Abdominal lymph-node tuberculosis, inactive 
Bone tuberculosis, active 

Bone tuberculosis, inactive 

Ear tuberculosis 

Pleuritis, active 

Pleuritis, inactive 

Phlyctenular process 

Erythema nodosum 


Nontuberculous lung disease, active 
Nontuberculous lung disease, healed 
Clinically normal 


wn 
Ano 
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TABLE 2 
Frequency of symptoms in percentages 


TUBERCULIN- TUBERCULIN- 
POSITIVE: NEGATIVE: 
206 CASES 100 CASES 


41.8 55.2 
41.8 39.6 
Loss of appetite 31.2 36.2 
Loss of weight or failure to gain 30.5 24.1 
Fatigability 23.3 24.1 
Night-sweats 21.9 22.4 
19.2 17.2 
11.3 6.9 


SYMPTOMS AND PHYSICAL SIGNS 


For purposes of comparison the following factors were taken into con- 
sideration: Degree of exposure, previous diseases affecting the respira- 
tory system, clinical symptoms, physical signs and clinical diagnosis. 

A comparison of the frequency of the symptoms in the two groups is 
presented in table 2. This demonstrates that there are no marked 
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differences in the two groups, with the exception of cough. This symp- 
tom was not listed unless it had persisted for more than six weeks. In 
spite of this the incidence in the negative group exceeded that in the 
positive by 13.4 per cent. 

In table 3 is presented a comparison of the frequency of the clinical 
findings. No difference of more than 10 per cent is found between 
the groups except in the case of paravertebral dulness, for which the 
evidence in the negative group exceeds that in the positive by 20.1 per 
cent. Particular attention is called to the fact that D’Espine’s sign is 
slightly more frequent in the negative than in the positive group. 

A comparison of the history of exposure shows that of the tuberculin- 
positive cases 57 per cent and of the tuberculin-negative cases 38 per cent 


TABLE 3 


Frequency of physical signs in percentages 


TUBERCULIN- TUBERCULIN- 
PHYSICAL SIGNS POSITIVE: NEGATIVE: 
206 CASES 100 CASES 


D’Espine’s sign 82.0 
Paravertebral dulness 60.6 
Malnutrition 37.7 
27.9 
Abnormal lung auscultation 
Abnormal lung percussion 14 


were contact cases. From this it appears that the history of contact 
is of limited diagnostic importance. 

The findings presented in these tables are in agreement with the present 
prevailing belief that the symptoms and clinical findings are of no value 
by themselves in making a diagnosis of tuberculosis. 


ROENTGENOLOGICAL FINDINGS 


After a careful review of the literature it was felt that there was no 
general agreement on the possible changes to be seen in the roentgeno- 
grams of the chests of nontuberculous children, similar to those studied 
here. For this reason a careful analysis of the roentgenograms was 
made of the tuberculin negative group first. 

The following findings were listed for each case: 


j 
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80.7 
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TABLE 4 
The size, shape, position and consistence of each of the following shadows was listed 


Each hilum Each lung Pleura 
Calcification Calcification Increased density 
Fibrosis Fibrosis Calcification 
Axial vessels Axial vessels 
Glandular tumor Infiltration 
Unusual density Unusual linear markings 


In interpreting the shadows seen, great care was taken to differentiate 
between those caused by axial vessels and those by calcifications or 
fibrotic foci. A comparative study was made of the chest roentgenograms 
of clinically normal, tuberculin-negative children with an average age 
of 3} years, from the Institute of Child Study of the University of Cali- 
fornia, and confirmed the findings of the other group. 

The review (1) of the tuberculin-negative group showed that the pres- 
ence of single or multiple, large or small axial vessels in the hila or lungs, 
the presence or absence of increased linear markings with or without 
studding, or any localized pleural thickenings had no demonstrable sig- 
nificance. No calcification, fibrotic spot, lymph-node tumor or local- 


TABLE 5 


Roentgenographic findings of increased linear markings to either or both upper lobes in relation 
to past history and present diagnosis in tuberculin negative cases 


NUMBER OF 
PREVIOUS DISEASE CASES PERCENTAGE 


Bronchitis 46 
Pertussis 45 
Measles 57 
19 

3 
60 


Chest normal 

Bronchitis, acute 

Bronchitis, chronic 


4 
741 
40 i 
51 
46 
17 
0 
63 
CLINICAL DIAGNOSIS 
42 34 
4 
11 14 
3 3 
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ized pulmonary-infiltration shadow was found. No definite correlation 
was found to exist between the positive roentgen observations and the 
clinical history. 

Because the increase in the linear markings to the upper lobes has 
been considered of diagnostic value in tuberculosis of children, the fre- 
quency of this finding in the tuberculin-negative group in relation to 
previous diseases and to diagnosis is presented in table 5. This shows 
that a relatively high proportion of these nontuberculous cases present 
this finding, and there is no correlation between it and the previous respir- 
atory diseases or the clinical condition of the chest at the time of the 
examination. This forces the conclusion that an increase of the linear 
markings to the upper lobes has little or no diagnostic value. 

In the tuberculin-positive group, on the other hand, 42 per cent of the 
cases showed findings which were not present in the tuberculin-negative 
group and which are, therefore, diagnostic of tuberculosis in this group of 
children. They are divided as follows: Hilum calcifications 14.8 per 
cent; hilum tumors 6.6 per cent; lung fibrosis 9.2 per cent; lung calcifica- 
tions 13.3 per cent; lung infiltration 9.7 per cent; pleural calcifications 
1 per cent; cervical lymph-node calcification 3 per cent. Some cases 
showed a combination of these findings. 


THE TUBERCULIN REACTION 


The technique of the test consisted of the intracutaneous injection of 
0.1 cc. of human tuberculin (O. T.) in the concentration of 1:100 and 
of a broth control. The reactions were observed and measured at 48 
hours. The diameter of the infiltration was measured in centimetres. 
The extent of the infiltration was taken in preference to the degree of 
redness because it seemed to exclude more completely the personal factor 
in interpretation, and the variations in the reactions of different 
skins. 

Quantitative studies of the tuberculin reaction are reported in which a 
relationship is found between the degree of allergy and the amount of 
tuberculous tissue involved (2), or the prognosis in occult tuberculous 
children (3). If the degree of allergy is related to the presence or absence 
of definite findings, or points to the presence or absence of activity, is 
still an open question. In order to study these problems on the material 
presented the positive reactions were divided into four grades as 
follows: 
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TABLE 6 


Grade I: 38 cases, 19%, 0.5 to 0.9 cm. 
Grade II: 28 cases, 14%, 1.0 to 1.4 cm. 
Grade III: 26 cases, 13%, 1.5 to 1.9 cm. 
Grade IV: 105 cases, 54%, 2.0 or more cm. 


The relationship between the tuberculin reaction and the exposure is 
shown in table 7. This demonstrates that the percentage of contacts 
increases in direct proportion to the grade of the reaction, from 47.7 
per cent in grade I to 68 per cent in grade IV. These figures indicate 
that contact has a direct relationship to the grade of the tuberculin 
reaction. However, the relation of contact to noncontact, as shown in 
table 8, reveals that the quotient of contacts to noncontacts in the three 


TABLE 7 
Contact and the grade of the tuberculin reaction 


CONTACT NONCONTACT 


“per cent per cent 
47.7 52.6 
53.6 46.4 
53.9 46.1 
68.0 32.0 


TABLE 8 
Quotient of contact to noncontact 


CASES SHOWING 
ENTIRE GROUP 


Clinical tuberculosis No clinical tuberculosis 


0.9 
II 


1 
1 
2 


2 
IV 4 


categories is approximately the same and increases similarly with the 
grade of the tuberculin reaction. The conclusion‘is that, while contact 
cases show a higher percentage of larger reactions, the history of contact 
has no real value by itself in the differential diagnosis of tuberculosis from 
nontuberculous conditions at the time of examination. In this connec- 
tion it may be remembered that special care was taken in every case to 
determine if there was a definite contact or not. 
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As shown above and as is generally accepted at the present time, there 
are definite roentgenological findings which, when present, establish the 
fact of a tuberculous infection. A tabulation of the percentage of such 
findings in the cases showing the different grades of the tuberculin 
reactions (table 9) reveals that the percentage of positive findings 
increases as the grade of the tuberculin reaction increases. From this 
fact it is evident that the grade of the tuberculin reaction is greater in 
that group of cases whose tuberculous infection has been such as to cause 


unmistakable roentgenological changes. 


TABLE 9 
Positive roentgenographic findings: the percentage of cases in each grade group 


GRADE OF TUBERCULIN REACTION PERCENTAGE OF POSITIVE FINDINGS 


I 18 
II 25 


34 
IV 61 


TABLE 10 
Grades of the tuberculin reaction in relation to the diagnosis of specificity 


PERCENTAGE OF CASES SHOWING 


GRADE OF TUBERCULIN 
REACTION Any evidence of No evidence of 


Active tuberculosis tuberculosis tuberculosis 


I 0 18 
II 10.8 28 
III 19.0 50 
IV 22.6 69 


The next consideration is the relation of the grade of the tuberculin 
reaction to the final diagnosis made on the patient. This is shown in 
percentages in table 10. Column one comprises those cases showing 
evidence of active tuberculosis. Column two includes all cases with any 
evidence of specificity, either clinical or roentgenological. Column 
three contains the percentage of cases showing no other evidence of 
tuberculosis than the tuberculin reaction. No cases of active tuber- 
culosis were found in patients showing a grade-I reaction, and only 
18 per cent of these cases gave any evidence of tuberculosis. This 
contrasts markedly with those cases showing the grade-IV reaction, 
22.6 per cent of whom had active tuberculosis and 69 per cent gave some 
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evidence of the disease. Grades two and three show intermediate 
figures in both columns. On the other side of the picture the cases giving 
no evidence of tuberculosis decreased from 82 per cent showing the 
grade-I reaction to 31 per cent showing the grade IV. 

These tables have shown that, when cases are graded according to 
the size of the tuberculin reaction, the percentage of cases in each grade 
giving a definite history of contact, showing positive roentgenological 
evidence of a tuberculous infection, having active tuberculosis and those 
finally diagnosed as having a tuberculous infection, all increased as the 
size of the reaction increased. ‘This leads directly to the conclusion that 
the size of the tuberculin reaction is of very definite diagnostic value. 

In practice it is extremely important to establish the fact of activity or 
inactivity in tuberculin-positive children. Because of this these studies 
on grades of tuberculin reaction should be continued on a much larger 
series of cases. If these findings should be verified, it will indicate that a 
grade-one reaction excludes the possibility of an active tuberculosis, 
whereas a grade-four reaction indicates a 22 per cent possibility of active 
tuberculosis being present. Grades two and three show intermediate 
possibilities. 


CONCLUSIONS 


This study of a group of children suspected of being tuberculous shows 
that in establishing a diagnosis of a tuberculous infection: 

1. The symptoms and physical signs are not conclusive. 

2. A history of definite contact is of rather limited value. 

3. Some roentgenological findings are pathognomonic. 

4, The grade of the tuberculin reaction is found to be of definite 
value in this group. It also appears to have a value in deciding 
the question of the activity of the lesion. 


The authors wish to acknowledge the technical assistance of Miss Helen Searls. 
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CLINICAL NOTES ON RENAL TUBERCULOSIS IN ADULTS 
LEO V. SCHNEIDER? 


Rena] tuberculosis undoubtedly occurs in tuberculous subjects more 
frequently than generally assumed and than it is clinically seen even in 
institutions caring for patients with pulmonary tuberculosis. 

The fact that tuberculosis of the kidney is seen more at autopsies than 
during life proves that in a great number of cases the disease runs its 
course without any clinical symptoms whatever. On the other hand, 
cases have repeatedly been reported in which tubercle bacilli were ex- 
creted by the kidney without symptoms indicating involvement of the 
kidney, or any other symptoms referable to the urinary tract. Reason- 
ably, this suggests the possibility that the microdrganism may occa- 
sionally be excreted by a normal kidney, though the question of per- 
meability of the healthy kidney to tubercle bacilli is still under discussion. 
And, while some admit such a possibility, Bumpus (1) and others claim 
that the presence of tubercle bacilli in the urine is synonymous with renal 
tuberculosis. 

As far as autopsy reports are concerned, it would be interesting to 
mention studies presented by Hobbs (2), in which he showed that, of 
1000 persons dead of pulmonary tuberculosis, tubercular involvement of 
the kidneys could be detected macroscopically in 16.2 per cent, although 
very few had any symptoms of renal tuberculosis during life. He ex- 
pressed the opinion that a much larger percentage would show tuber- 
culosis of the kidney if careful studies of sections were made. 

A more impressive report was given by Medlar (3), who examined the 
kidneys from 30 patients dead of pulmonary tuberculosis. In this group 
renal tuberculosis was present in 22 cases with apparently no definite 
clinical symptoms referable to renal involvement during life. 

Cases of closed renal tuberculosis, completely silent from a clinical 
standpoint, and those which show clinical characteristics only obscurely 
suggestive of renal tuberculosis, are well known. White (4) reports that 
closed renal tuberculosis has been found as high as in 18 per cent of 


1 Baltimore, Maryland. 
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cases coming to the postmortem table. According to White, in all these 
closed renal-tuberculosis cases, the mechanism probably consists in 
sealing off the renal pelvis in which a complete destruction of all active 
renal tissue takes place. Apparently the disease may go through all 
its stages to complete destruction of the kidney without any urinary 
symptoms, the process being detected only accidentally. 


TABLE 1 


RENAL FAMILY DURATION OF 
CONDITION OF LUNGS! HISTORY SYMPTOMS 


Male Minimal Unilateral ~ Negative | Negative | About 12 
months 
Male Moderately ad-| Bilateral | Negative | Negative | 14 weeks 
vanced 
Male Minimal Unilateral | Negative | Doubtful | Several years 
positive 
Male Moderately ad- | Unilateral | Negative | Negative 3 years 
vanced 
Female Moderately ad- | Unilateral | Negative | Negative | 15 months 
vanced 
Female Far advanced | Unilateral | Negative | Positive 9 months 
Male Far advanced | Unilateral | Positive | Positive 12 months 
Male Minimal Unilateral | Negative | Negative | 12 months 
Male Moderately ad- | Unilateral | Negative | Negative 4 months 
vanced 
Female Minimal Bilateral | Negative | Negative | 10 months 
Male Negative for | Bilateral | Negative | Negative | 12 months 
tuberculosis 
Female Far advanced | Unilateral | Negative | Positive 24 months 
Female Minimal Unilateral | Negative | Negative 2 weeks 
Female Moderately ad- | Unilateral | Positive | Positive 36 months 
vanced 
Male Minimal Bilateral | Negative | Negative | 28 months 
Male Moderately ad- | Unilateral | Positive | Positive 18 months 
vanced 
Male Moderately ad-| Bilateral | Negative | Positive Many years 
vanced 


During a period of seven years, from January, 1923, to January, 1930, 
somewhat over 5,000 patients were admitted to the Maryland Tuber- 
culosis Sanatorium, out of which only 17 presented physical or clinical 
symptoms, which after careful laboratory and clinical studies proved to 
be renal tuberculosis. Table 1 shows that there were twice as many 
male as female patients having renal tuberculosis, though the admissions 
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for the above-stated period, as far as sex is concerned, were about equally 
distributed. 

Renal tuberculosis apparently occurs most frequently in the third and 
fourth decades. In our group we had two patients whose ages were 46 
and 52 years, respectively, but both of them gave a history of having 
had symptoms of renal indisposition for many years. ‘The rest were 
all in early adult life. As far as the condition of the lungs is concerned, 
renal tuberculosis can develop regardless of the stage of pulmonary in- 
volvement. In other words, it occurs not only in patients with far or 
moderately advanced pulmonary tuberculosis, but also in individuals 
with minimal pulmonary infection, and even in patients who have never 
had any clinical symptoms or physical signs of pulmonary tuberculosis. 
Six patients of the group presented had minimal lung involvement, while 
seven were moderately advanced and three far advanced. One, who 
had no pulmonary tuberculosis from a clinical and X-ray standpoint, 
showed bilateral renal involvement. Also, two of the 6 patients in the 
minimal group had bilateral renal tuberculosis. So, apparently renal 
tuberculosis cannot exert any greater influence on the prognosis than 
may tuberculosis of any other organ, provided the lesion is not com- 
plicated by extensive active pulmonary tuberculosis. 

A family history of tuberculosis was negative in 14 cases and positive 
in three. These three had active pulmonary infection,—one far ad- 
vanced and two moderately advanced, with unilateral renal involvement. 
By positive family history we mean direct contact and exposure for a 
long time. We consider a family history positive only when father or 
mother was definitely tuberculous; also prolonged contact with a brother 
or a sister diagnosed as tuberculous would fall into the classification of 
positive family history. The sputum was positive for tubercle bacilli 
in 6 patients, doubtfully positive in one, and negative in ten. 

The duration of time before patients sought relief from urinary symp- 
toms varied in our group from two weeks to over three years. In the 
majority of cases, haematuria was the main reason that brought them 
‘to seek advice. 

It is well to remember that in a good many cases of early renal tuber- 
culosis the symptoms are very vague. At this stage of the disease, 
tissue destruction may not have gone far enough, and the urine might 
show only a few leucocytes. But suspicion should always arise when 
albuminuria without casts is present and is accompanied by even a small 
amount of pus in the urine. This should always be considered as a very 
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important symptom. Frequency of urination, especially at nights, the 
intervals gradually becoming shorter, is a more or less constant symptom 
after the disease has progressed further. ‘The frequency is probably due 
to the irritating properties of the urine, its acidity being markedly in- 
creased. Haematuria in young persons is a rather early sign of renal 
tuberculosis; it usually precedes all other clinical manifestations and is 
complained of quite frequently as the only symptom of the impending 
disease. The amount of blood present in the urine depends entirely 
upon the size of the blood-vessel involved in the destructive process of 
the kidney. 

Unfortunately pain is not a common symptom in renal tuberculosis. 
It occurs rather late when bladder disturbances begin to appear. At 
this period of the disease patients usually complain of a burning pain at 
the end of micturition, after the bladder has been emptied, and this 
practically always suggests the possibility of tuberculosis of the bladder, 
secondary to tuberculosis of the kidney. 

Examination of the urine, as a method of detecting early renal in- 
volvement, was stressed particularly by Rado and von Huth (5). They 
claimed that 80.6 per cent of all the cases clinically suggestive of renal 
tuberculosis gave positive results after staining the sediment of the 
urine, obtained by ureteral catheterization, by the Ziehl- Neelsen method, 
the smear being decolorized with 10 per cent sulphuric acid and alcoholic 
solution of sodium sulphate. Smears obtained from a single specimen of 
urine are not sufficient to demonstrate tubercle bacilli; it is always more 
advisable that a 24-hour specimen be obtained and examined. In 
general, it would be safe to figure that in only 30 per cent of cases is there 
a possibility of finding tubercle bacilli in the urinary sediment, provided 
persistent examinations of the smears have been made. Failure to 
demonstrate tubercle bacilli in the urine, due to occlusion of a tubercu- 
lous ureter, should always be borne in mind. It is of the utmost im- 
portance that, besides repeated complete urinalysis, animal inoculations 
be carried out in every case in which there is even a remote suspicion 
of renal infection of a tuberculous nature. These combined procedures 
will help greatly in making the diagnosis in the early stages of renal 
tuberculosis when symptoms indicating the infection are obscure and 
insufficient. 

Functional kidney tests, performed in conjunction with ureteral cathe- 
terization, are of great diagnostic value, as they enable one to determine 
whether a unilateral or a bilateral lesion is present, while cystoscopic 
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examination will indicate the location of the renal infection, the in- 
tegrity of the other kidney in case of a unilateral infection, and also the 
presence of bladder infection and the possibility of a ureteral occlusion. 

As for treatment, nephrectomy remains the only radical] and effective 
method in noncomplicated unilateral renal infection. If done early, 
relief is immediate and lasting. Nonsurgical, or so called conservative, 
methods of treatment should not be encouraged. The temporary occlu- 
sion or sealing off of a tuberculous focus may occur; such cases have been 
reported, but it is extremely doubtful that the disease will be arrested 
at this stage. All the chances are that the lesion will progress, and that 
eventually complete destruction of the entire kidney will take place, 
with the possibility of developing a bilateral lesion. Spontaneous retro- 
gression, leading to cicatrization, may occasionally occur. However, it 
would be a grave mistake to put too much hope in such a fortunate 
termination of the disease; the valuable time of resorting to a more radical 
and effective intervention will be lost in good many cases. In the 
bilateral lesions surgery is impracticable, and hygienic-dietetic care 
remains the only hope of improvement. This general treatment should be 
carried out along sanatorium lines. 

In our group 12 patients had unilateral and 5 bilateral lesions. All 
the unilateral cases were operated upon with most gratifying results. 
We always advise that the postoperative, recuperating period should be 
spent in the sanatorium, and that the diet be regulated in such a way as 
to protect the remaining kidney from the injurious effects of high-protein 
ration during the period of adaptability. By this period we mean the 
time necessary for the remaining kidney to adjust itself to the compen- 
satory function or hyperfunction brought about by the additional work 
thrown on it after removal of the diseased kidney. 

The very interesting experimental work done by Ambard (6) has 
shown that, several weeks after a kidney was removed from each of two 
dogs, the remaining kidney was enlarged by 20 per cent, while the func- 
tional activity of the remaining kidney was increased by 84 per cent in 
one dog and by 39 per cent in another. This demonstrates clearly that 
hyperfunction is the main response of the remaining kidney and that the 
hypertrophy is probably only a secondary reaction. 


SUMMARY 


1. Renal tuberculosis is more frequently diagnosed on the postmortem 
table than during life; it is not recognized clinically because a great 
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number of cases do not have any symptoms referable to the kidney or 
urinary tract during the early period of the disease. 

2. Patients with far or moderately advanced pulmonary tuberculosis, 
also those having minimal pulmonary infection or even clinically negative 
for pulmonary tuberculosis, are equally liable to develop renal tubercu- 
losis. In other words, the condition of the lungs does not seem to have 
any specific influence in developing tuberculosis of the kidney. 

3. The disease occurs particularly in young adults, mostly between the 
ages of 20 and 40, with male patients definitely predominating. 

4. The clinical symptoms of early renal tuberculosis are very vague; 
they are more of a suggestive nature; therefore suspicion should always 
arise when albuminuria without casts, accompanied by pus is present, 
when frequency of urination, especially at nights, is mentioned and 
haematuria is being complained of by young persons. 

5. Persistent examination of the urine, which should be subjected to 
the same procedure as sputum, animal inoculations, renal function tests 
and cystoscopy,—all are of great diagnostic importance in cases sympto- 
matically suggestive of early renal tuberculosis. 

6. Removal of the tuberculous kidney is the most satisfactory treat- 


ment in noncomplicated unilateral infection, provided the excretory 
function of the other kidney is not impaired. Nephrectomy done early 
brings immediate and Jasting relief from all the symptoms. 

A careful general examination must be made in every case, in order 
to exclude the possibility of active tuberculosis elsewhere than in the 
urinary tract. 


I am greatly indebted to Dr. Victor F. Cullen, Superintendent of the Maryland Tubercu- 
losis Sanatorium, for permission to use’ material from the files of the Institution and for 
furnishing the case records. 
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THE TECHNIQUE OF USING PAPER FILMS FOR ROENT- 
GENOGRAMS OF THE CHEST! 


MARGARET WITTER BARNARD, J. BURNS AMBERSON, Jr., AnD MARION 
FRANKLIN LOEW 


The use of the X-ray as a necessary help for the accurate diagnosis of 
various diseases of the chest is generally appreciated. Instances are 
common enough in which the roentgenogram discloses a lesion which 
gives rise to very indefinite abnormal physical signs or none at all. In 
cases of tuberculosis this is particularly true of small lesions of the lungs, 
or of the tracheobronchial lymph nodes, the latter being of special im- 
portance in children, because they characteristically participate in the 
disease following the first infection of the lung by the tubercle bacillus. 
Now that extensive surveys of school-children are being conducted to 
“screen out” and properly care for those affected with tuberculosis of 
actual or potential clinical importance, more and more reliance is being 
placed on the X-ray film. Despite its inadequacy for certain purposes, 
it represents a very valuable “‘screen” for such surveys. 

In most communities the cost of materials for this kind of work is an 
important item. The celluloid film is the best medium for registering 
detailed shadows of the lungs, but it is too costly to be used as freely as 
might be desired. A finished single celluloid film, 14 X 17 inches, 
usually costs about seventy-five cents. Fluoroscopy has been proposed 
as a cheap substitute. Undoubtedly, this suffices to detect many 
lesions, but it is a less dependable method because of its inferiority in 
revealing fine detail. The lack of a permanent picture and the fact that 
the chest is usually viewed by only one person are other drawbacks. 

In considering this problem of the reliability and cost of various 
methods of X-ray examinations, the attention of the authors was drawn 
to paper films. Representatives of the National Tuberculosis Associa- 
tion, being interested in the same problem, requested us to investigate 
this film. It was decided therefore to make a comparative study of the 
methods in 1,000 cases. The work is under way, and this preliminary 
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port consists merely of a statement of technical procedures employed. 
ur impression is that the paper film may prove to be of usefulness in 
irveys of the chests of large sections of the population, especially in 
iew of the lower expense. We hope to be able later to offer an opinion 
a the reliability of the new film for such purposes. 

As a basis of comparison in this study we have used Eastman’s dupli- 
zed safety contrast or Gevaert’s radiographic celluloid films. The paper 
lm? consists of a fairly tough and stiff white paper base, coated on one 
ide with a sensitized emulsion. The paper burns slowly and without 
dor, and in a package of several films the flame usually smolders and 
oes out quickly. 

The paper film is used practically the same as the celluloid film. Being 
oated only on one side, it is placed in the cassette with only one intensi- 
ying screen instead of two, as is the practice with double-coated celluloid 
ims. The coated surface of the paper is laid against the intensifying 
screen, and may be arranged so that the finished picture shows the chest, 

exposed in the posteroanterior direction, in one of two possible regis- 
trations. If the cassette is layered as follows,—front of cassette, film, 
intensifying screen, back of cassette,—the finished picture shows the 
chest as if the patient were facing toward the viewer. The reverse,— 
front of cassette, intensifying screen, film, back of cassette,—portrays 
the chest as if the patient were facing away from the viewer. The former 
seems to be the better arrangement of film and intensifying screen. 

In experimenting with the technique of exposing the paper film it was 
found satisfactory to maintain as constant factors the tube target-film 
distance, the milliamperage and the time of exposure, adjusting the 
voltage according to the thickness and development of the chest. At 
present we are using a tube target-film distance of forty inches for the 
osteroanterior exposure and thirty-six inches for the oblique. The 
X-ray apparatus (Kelley-Koett 100-100) is set at 100 milliamperes, the 
time at 0.2 (recently we have been using one-eighth of a second), and 
the voltage is varied from 52 to 88 K.V.P. A single Patterson intensi- 
‘ying screen, two years old, is used. With 30 milliamperes, an exposure 
f one second may be required, which does not eliminate the blurring 
-ffect of moving parts, especially as this affects the bases of the lungs. 

The exposed film is held by clips in the ordinary metal frame during 
the developing process, which is similar to that used for celluloid films. 
A special developer, furnished by the manufacturers of the film, is used. 


* Manufactured by the Powers Reproduction Company, 205 West 39th Street, New York 
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Fic. 1 (Celluloid Film). Female, aged 35 years. Complaints: Cough; cold for two 


months. Physical Examination: Chest negative. Sputum: Smears of two specimens 
X-Ray of Lungs: Negative except for calcifiec 


lymph nodes at left hilum. Irregularities of diaphragm apparently due to normal attach 


ments. 


microscopically negative for tubercle bacilli. 
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Fic. 1A (Paper Film). Same as fig. 


TECHNIQUE 


DIS- 
TIME M.A. TANCE DEVELOPER HYPO WASHED 


seconds inches minutes minutes | minutes 
Gennert | Gennert 
Gevaert celluloid 1/10 50 5 15. 30 


Powers | Gennert 


Powers paper 1/5 3 8 
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Fic. 2 (Celluloid Film). Female, aged 9 years. Complaint: Extreme lassitude. Physica! 
Examination: Negative, although patient appeared very much undernourished. X-Ray 
of Lungs: Shows diffuse hazy clouding, extending outward from upper pole of right hilum 
Tuberculin: Four plus to 0.1 mgm. O.T. Diagnosis: Pulmonary tuberculosis, stage Ia 
Advice: Sanatorium care. 
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Fic. 2a (Paper Film). Same as fig. 


TECHNIQUE 


CHEST sV.F. TIME M.A, TANCE DEVELOPER HYPO WASHED 


inches seconds inches minutes minutes | minutes 
Gennert | Gennert 
Gevaert celluloid 40 5 15 30 


Powers | Gennert 


POWerS 5 3 8 
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Fic. 3 (Celluloid Film). Male, aged 5 years. Complaint: Frequent colds. Physical 
Examination: Chest negative; markedly hypertrophied tonsils. X-Ray of Lungs: Shows 
two areas of moderately heavy calcification in lower third of right lung and in right hilum; 
hilum shadow heavy, widened, indistinct in outline. Tuberculin: Four plus to 0.1 mgm. 
O.T. Note: Child was in contact with father who died of tuberculosis in 1929, and with 
mother who has pulmonary tuberculosis. 
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Fic. 3a (Paper Film). 


TECHNIQUE, 


Same as fig. 3 


CHEST 


TIME M.A, 


DIS- 
TANCE 


DEVELOPER 


HYPO 


WASHED 


Gevaert celluloid 


Powers Paper... 


inches 


seconds 


1/15 


1/5 


inches 


40 


minutes 


Gennert 


Powers 
3 


minutes 


Gennert 
40 


Gennert 
8 


minutes 


30 
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Fic. 4 (Celluloid Film). Female, aged 9 years. Complaints: None. Physical Examina- 
tion: Negative. X-Ray of Lungs: Shows clustered calcification in the right tracheobronchial 
region. Juberculin: Three plus to 0.1 mgm. O.T. 
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Fic. 44 (Paper Film). 


Same as fig. 4 


TECHNIQUE 


TIME 


M.A, 


DEVELOPER 


HYPO 


WASAED 


Gevaert celluloid......... 


Powers paper............ 


seconds 


1/15 


1/5 


minutes 


Gennert 


5 


Powers 
3 


minules 


Gennert 
15 


Gennert 
8 


minutes 


30 
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| 74 | 100 | 36 | 
78 | | 100 | 36 15 
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Fic. 5 (Celluloid Film). Female, aged 22 years. Complaints: Cough and cold for six 
weeks. Physical Examination: Chest reported negative. Sputum: Smears of two specimens 
microscopically positive for tubercle bacilli. X-Ray of Lungs: Shows evidence of an area of 
excavation, about 2 cm. in diameter, in the right lung, underlying the second rib anteriorly; 
increased density surrounding cavity. There is a cavity, about 1 cm. in diameter, on the 
left, underlying the second rib. Diagnosis: Pulmonary tuberculosis, moderately advanced. 
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Fic. 5a (Paper Film). Same as fig. 5 


TECHNIQUE 


| | 
FILM CHEST K.V.P. TIME M.A, Pceci DEVELOPER HYPO | WASHED 


inches seconds inches minutes minutes | minutes 


Gennert | Gennert 
Gevaert celluloid......... 73 70 | 1/10 | 100 50 5 15: 30 


Powers | Gennert 


Powers paper............ 1/5 100 50 3 8 15 
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Fic. 6 (Celluloid Film). Male, aged 18 years. Complaints: Cough; expectoration for 
thirteen years. Physical Examination: Chest reported negative. Sputwm: Smear of one 
specimen microscopically negative for tubercle bacilli. X-Ray of Lungs: Shows clouding and 
mottling with strand-like shadows extending toward base of each lung from hilum, much 
more marked on left, where there are indistinct areas of rarefaction. Diagnosis: Chronic 
indurative pneumonia, probably with bronchiectasis. 


764 
4 
be 
ges 


PAPER FILMS FOR ROENTGENOGRAMS 


Fic. 6A (Paper Film). Same as fig. 


TECHNIQUE , 


ms- 
CHEST -V.P. TIME M.A, TANCE DEVELOPER 


HYPO 


WASHED 


inches seconds inches minutes 
Gennert 
Gevaert celluloid 1/10 50 5 


Powers 
Powers paper..... 


minutes 


Gennert 
15. 


Gennert 
8 
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30 
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We tried other developers, but found them unsatisfactory because they 
left stains on the finished film. The film is left in the developing solu- 
tion (which is held at a temperature of 65°F.) for three to three and one- 
half minutes. It is then dipped in water and placed in the hypo fixing 
solution for five to eight minutes. After washing in running water for 
fifteen minutes, it is dried and made ready for viewing. A longer wash- 
ing tends to make the paper too soft, and seems to be unnecessary. 

The film is viewed by direct illumination with bright daylight. The 
best artificial light seems to be obtained from a 100-watt bulb behind a 
sheet of ‘‘daylight” glass. This must be adjusted to give an even 
illumination, since reflection or glare may lead the viewer to overlook 
small densities. Stereoscopic films would have to be viewed in a stereo- 
scope with a special illuminating device. 

Generally speaking, it may be said that the celluloid film is appreciably 
superior for showing shadows of fine detail. Nevertheless, the paper 
film approximates the desired standard very closely and, under certain 
circumstances, may prove to be an acceptable substitute. In our hands 
the cost of the finished paper film has been found to be about half that 
of the finished celluloid film at present market prices. 


The appended reproductions give a fair idea of the comparative vaiues 
of the paper and celluloid films. Both lose some detail in the reproduc- 
ing process, and judgment can hardly be based on these without viewing 


the originals. 
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